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REMARKS  TO  PROGRAM  ADMINISTRATORS 

\    •  ■        ■    ■  ■ 

<.  •  \ 

This  course  has  been  prepared,  so  that  industrial/vocational  education  super- 
visors and  instructors  c£|n  establish  and -administer  effective  safety  ahd  health 
programs  in, their  schools. 

The  primary  purppses  of  the  course  are: 

•  .  1.  to  acquaint  supervisors  and  instructors  at  various, levels  with  th6 
characteristics  of  effective  safety  and -health  programs 

'     '  -\ 

2/  to  demonstrate  the  relationshi^ps  between  hazards  encountered  \k 
.   the  industrial/vocatidnal  shop  and  those  eristipg  in  industry 

3..  to  provide  information  on  safety  and  health  projblem* identifica- 
tion and  evaluation,  iilspecttons,  accident  investigations,  and  the 
selection  and  use  of  effective  hazard  controls 

I  4.  to  teach  the  participant  to  differentiate  important  hazards  from 
those^with  lesser  destructive  potentisal.  /  *  , 

'  »     0     .  '  '  \  -  . 

Although  this  course  is  designed  as  a  complete  training  program  to  be  gjv^n 
over  a  three-day  period,  it  may  be  divided  into  individual  units  for  pre^nta- 
tion  oyer  longer  pepods  of  time.-  *'  ^. 

Before^  any  instructipn  takes  place,  the  particip^ts  must  be  well  versed  in 
the  purposes,  content  and  sttategies  of  this  course.  As  the  program  admin- 
istrator, you  will  be  responsible  for**  ensuring  that  your  instructors  under- 
stand the  purpose  and  the  specific  objectives  of  each  program  unit.  You 
should  feel  free,  by  making  additions  and  deletions,  to  tailor  the  content  to 
fit  a  particular  situation.  Wherever  possible,  the  administrator  is  urged  to 
replace  or  supplepient  visual  aids  with  ones  1;aken  from  the  industrial/voca- 
tional shop  settings  of  the  program  participants.  In  this  way,  the  presenta- 
tion will  gain  in  effectiveness. and  immediacy.  - 
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IMPACT  OF  ACCIDENTS  ON  INDUSTRIAIWOCATIONAL^  EDUCATION  SHOP  PROGRiiMS 
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SPECIAL  TERMf 


INSTRUCTOR 
MATERIALS 


TRAINEE 
MATERIALS 


Lectiire  and  Demonstration 


LENGTH:  60  Minutes 


^o  discuss  the  effects  of  accidents  and  hazards  on  operations  within  tke  indus* 
trial/yocational  education  ^op  and  to  examine  how  students  are  involved  in 
accident  situations. 


To  introduce  the  participant  to: 

1.  The  impact  of  accidents  op  school  shop  operations 

2.  The  origin  and  cause  of  safety  and  health  hazards  in  the  shop 

3.  The  student  as  ^ait  of  an  operator/machine  system. 


1.  Accident/Injury 

2.  Safety  Hazard  '  .  v 

3.  Health  Hazard 

4.  Operator/Machine  System 

5.  Human,  Situational  and  Environmental  Factors 


Lesson  Plan  * 

35  mm  Slides  and  Projector 

Chalk  Board/Chalk 


V 


Participant  Putlines  rnd  Supplementary  Materials 
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•  Each  year  accidents  continue  to  take  their  toll  on  workers  in  all 
industries.  Recent  figures  compiled  by  the.National  Safety  Council- 
indicate  that  wer  2,300,000  worjkers  are  disabled  and  over  13,000 
are  killed  annually  as  a  result  of  accidents  occurring  in  the  work- 
place.! These  statistics' do  not  include  the  injuries  and -deaths, 
sustained  in  school  industrial/vocational  education  shops." 

From  figures  distributed  by  the  National  Safety  Council,  we  can 
estimate  that,  during  one  year,  industrial/vocational  education 
shbps  were- the  location  of  more  than  22,500  accidents  *to  boys 
and  ^1,500  accidents  to  girls>2  These  figures  are  only  for  those 
accidents  which  were  reported  and  which  caused  property  damage 
or  loss  of  at  least  one  half-day  of  school.  Actual  figures  would  be 
much  higher  for  three  reasons: 

1.  The  total  ^number  of  students  participating  in  indus- 
,  trial/vocational  educati/)n  programs  throughout  the  nation 
is  increasing. 

2.  Many  accidents  are  not  reported. 

3.  Many  accidents  do  not  cause  property' damage  or  result  in 
the  loss  of  ^at  least  one  half-day  of  school. 

Accidents  are  harmful  not  only  when  measured  in  human  terms, 
that^is,  the  injuries  and  illnesses  to  students,  instructors  and  others 
in  the  school  system,  but  also  when  measured  in  terms  of  their 
impact  on  the  overall  school  shop  program.  Along  with  human 
losses,  accidents  which  occur  in  the  shop  setting  generally  include 
one  or  more  of  the  following  results: 

1.  damage  to  or  loss  of  equipment  ^ 

2.  damage  to  or  loss  of  materials  . 

3.  temporary  or  permanent  loss  of  the  use  of  shop  facilities 

4.  cost  of  medical  treatment 


IMPACT  OF  ACCIDENTS  IN 
INDUSTRY 


IMPACT  OF  ACCIDENTS  IN 

INDUSTRIAL/VOCATIONAL 

EDUCATION 


ACCIDENT  EFFECTS 
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ACCIDENT  REDUCTION 
IN  THE  SCHOOL  SHOP 


ACCIDENT  REDUCTION 
-A  TEAM  APPROACH 

Adminifltrator/SuperviBor 

Principal  and  Assistants 

Department  Heads 

Instructor 

Purchasing  Agents  '/  * 
Student  Shop  Foremen* 

Safety  and  Health  Committee 

Maintenan  ce  Personnel 


DEFINITION  OF  ACCIDENT 
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5. '  administrative  costs  ^ 
6*  liability. 

Supervisors  of  industrial/vocational-  educati9n  programs  must 
understand  the  importance  of  a  sysWmatic  approaqh  to  locating, 
evaluating  and  controIBng  those  footers' in  the  shop  situation  and 
environment  which  are  responsible  for  accidents  and  their  effects.  ' 
Developing  an  effective  program  to  reduce  accidents  and  adverse 
health  conditions  requires  the  efforts  of  many  people  directly  and  * 
indirecUy  assoc&ted  with  instructional  activities. 

To  be  effective,  a  safety  and  health  program  requires  the  active 
leadership  and  support  p^l' those  atHboth  the  administrative  ^d^ 
instructional  levels.  The  i:*du3trial/vocational  school  Administrator 
or  supervisor,  for  example,  plays  a  significant  role  from  the^ 
standpoint  of  direption  and  overall  policy  setting:  The  school 
principal ,  and  assistants, '  throu^i  their '  support  and  program 
assistance,  are  also  important^ links  in  the  totel  effort.  So, too  are 
tlje.  various  iAdustrial/vocational  education  department  hea(Js,  who 
are  in  prime  positions  to  provide  overall  guidance  and  individual 
instructor  support.  '  \ 

Perhaps  the  key  person,  from  the  standpoint  of  his  day-to-day 
contact  with  the  shop  and  students,  is'the  instructor.  Through  his 
active  leadership  and  participation,  this  person  m^akes  the  program 
happen.  Other  key  individuals  and  groups  are  tho*se  responsible  for 
purchasing  materials  and  equipment  for  the  school  shop,  those 
assigned  roles  as  student  shop  foremen,  members  of  safety  anS 
'lealth  committees  and  those  charged  with  maintaining  shop 
fecilities.,  •  ^ 

Later  in  this  section",  the  actual  support  roles  of  team  mejabets 
will  be  examined  further.  But  before  we  can. discuss  vyray*  that 
individuals  and  groups /can  reduce  or  eliminate  accidents  within 
the  total  health  and  safety  program,  it  is  necessary  to  explore  in 
depth  the  nature  and  causes  of  accidents. 

Let  us  "begin  by  enlai^g  and  refining  our  definition  of  accident. 
Thus  far  "accident"  has  referred  to  a  situation  responsible  for  the 
undesired  events  o*.  injuries,  fatalities  or  any  other  losses;  For  the 
remainderof  this  course,  the  term  "acckient**  will  b6  defihed  as: 

any*imexpected  event  which  interrupts  the  normahshop  educa- 
tional process,  caused  by  human,  situational  or  environmental 
factors  or  a  combination  of  these.  It  may  or  may  not  result  in 
death,  injury  or  property  damage  but  has  the  potential  to  do  so.3 
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*  • 

Three  important  points  contained  in  our  defiiiition  need  further 
explanation. 

The  first  is 'that  an  accident  does  not  have  to  result*  in  damage, 
injury  or  death.  For  instance,  a  student  slips  and  falls  on'an  oU^ 
spot  whUe  walking  across  the  shop  floor.  The  fcdl-does  not  injure 
the  student  or  cause  any  damage,  but  it  is  still  classified  as  an 
accident  because  it  interrupts  th^e  educational  process  and  carries 
with  it  the  potential  for  injury  and  damage. 

The  second  point  is  that  accidents,  by  their  very  nature,  are  un- 
usual, unexpected  events.  Yet  the  fact  that  accidents  occur  infre- 
quently is  not  as  important  as  the  recognition  that  the  potential 
for  accidents  is  always  present.  An  oU  spot  on  a  shojJ  floor,  for 
example,  may  remain  there  for  many  days  without  anyone  slip- 
ping on  it  or  taking  particular  notice  of  it,  but  that  dofes  not 
reduce  the  oU  spot's  potential' to  cause  injury  or  damage.  Unless 
instructors  and  students  are  aware  of  and  fuUy^  alert  to  the  ever 
present  possibUity  of  accidents,  unless  they  act  to  discover  and 
«  eliminate  potential  causes,  sooii«k  or  later  these  causes  probably 
will*  produce  situations  in  -  the  industrial/vocational  education 
shop  where  both  instructors  and  students- will  wtness  dam^ge^ 
injuries  or  death. 

The  third  point  our  definition  makes' is  that  accidents  do  not 
OQCur  withou^  reason;  they  are  caused  Common  causes  of  shop 
accidents  are: 

1.  improper  use  of  tools,  machines,  etc'.  ^ 

2,  failure  to  use  protective  equipment 


3t  prptective  and  safety  equipment  that  has 'been  rendered, 
inoperative 

4.  failure  to  follow  correct  procedures 


5.  faulty  equipment  and  tools 

6. ,  condition  of  walking  and  working  surfaces 

7,  improper  maintenance  o f  equipment 

8.  unguarded  or  inadequately  guarded  machinery. 

In  each  accident  situation,  the  cause  can  be  directly  or  indirectly 
attributed  to  either  tlie  instructor  or  student  (human  factolrs), 
opp^tions,  tools ^  equipment  and  materials  (Situational  factors). 


Accidents  Do  Not  Have  to 
Result  in  Injuries 


Accidents  Are  Unusual  Events 


Accidents  Are  Caused 


Accidents  Caused  by  Human, 
Situational  and  Environmental 
Factors 
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CAUSE  FACTOR  ONE 
-HUMAN  FACTOR 
Acts  of  Commission  and 
Omission 


Unsafe  Act . 

Types  of  Unsafe  Acts 


When  Himian  Error  May 
Not  Be  an  Unsafe  Act 


and  conditions  such  as  noise,  vibration,  poor  illumination,  etc. 
(environmental  factors). 

Before  any  attempjt  is  made  to  improve  the  industrial/vocational 
education  shop  setting  and  its  instructional  methods,  operations 
and  conditions,  if  is  imperative  that  the  causes  of^accidents;  be 
fully  understood.  Let  us  begin  by  exploringlhe  human  factor  and 
then  proceed  to  the  situational  and  environmental  factors*       *  : 

.  By  theJmmaiT  factor,  we  mean  the  person  who,  by  his  commis- 
sion (what  he  does)  or  by  his  omissio/i  (what  he  fails  to  do), 
causes  an  accident.  A  student  or  instnictor  may  cause  an  accident 
by  his  commission,  for  example,  when  he  sharpens  a  wood  gouge 
on  a  grinder  without  resting  the  tool  on  the  grinder's  rest.  He  may- 
cause  an  accident  by  an  act  of  omission'  when  he  fails  to  wipe  an 
oil  spot  from  the  floor.  Each*of  these  actions  is  generally  described 
as  an  unsafe  act,  lhat  is,  a  human'  action  which  departs  from 
hazard  control  procedures  or  practices  or  causes  unnecessary 
e3i:posure  of  a  person  to  a  hazard  or  hazards.  The  basic  types  of 
unsafe  acts  are:  - 

1.  using  equipment  without  authorily  ^ 

2.  operating  equipment  at  an-  unsafe  speed  or  in  any  other 
improper  way 

3.  removing  safety  devices  or  rendering  them  inoperative 

4.  using  defective  tools. 

Whenever  a  student  or  instructor  is  directly  involved  in  an  acci- 
dent, it  seems  that  his  actions  are  automaticaliy  tagged  "unsafe.*' 
While  a  great  many  accidents  are  the  result  of  someone  doing 
something  which  he  is  not  supposed  to  do,  knowing  very  well 
that  he  is  not  supposed  to  do  it  (unsafe  act),  there  are  other 
situations  where  the  student  or  instructor  becomes  the  target  for 
criticbm  when,  although  he  was  directly  involved  in  the  accident, 
other  factors  forced  him  into  this  involvement.  The  following 
example  illustrates  this  point. 

Suppose  a  student,  after  receiving  sufficient  instruction  on  the  use 
of  a  newly  installed  table  saw  guard,  is  required  to  make  a  par- 
ticular cut  which  cannot  be  made  with  the  guard  in  proper  posi- 
tion. In  this  case  the  required  task  causes  the  student  to  remove 
the  guard  temporarily  so  that  the  cut  can  be  made.  While  removing' 
the  guard,  his  hand  slips  off  the  wrench  and  is  cut  on  the  saw 
blade.  Obviously  tjne  student  was  instrumental  in  the  accident 
situation,  and  consequently  many  people  would  view  what  he  did 
as-  an  unsafe  act.  A  closer  an'alysis  of  the  situation  reveals,  how- 
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ever,  that  the  blame  cannot  be  placed  solely  on  the  shoulders  .of 
the  student. 

In  this  instance  -a  failure  in  the  shop  management  system  contrib-- 
uted  to  the  accident.  First  of  aU,  those  in  charge  of  purchasing  the 
particular  guard  should  hs^e  done  so  with  a  better  knowledge'' of 
its  cfl^abilities,  limitatio;is^^d  compatibility .  with  educational  , 
task  requirements.  Secondly,  the  instructor  ^ould  have  made 
certain  that  the  student  understrod  the  necessity  for  using  the 
guard,  as  well  as  how  to  maintain  and  remove  it  when  necessary. 
Most  importantly,  the  instructor  should  have  provided*  a  qpntin- . 
.  gency  pian  for  protection  if  and  when  th^  saw  would  have  to  b^  . 
Uf§d  without  adequate  guarding.  ^  - 

Differentiating  between  student  error  and  supervisory  error  is  a 
very  important  first  step-in  preventing  future  accidents  in  the 
school  ^op  and  will  determine  whether  or  not  the  actions  t^ken 
,  by  school  supervisors  will  reduce  •  accident  potential  or  create 
additional  hazards. 

Following  are  five  key  factors  which  can  reduce  human  e^.or  in 
the  school  shop. 

-■   *  ^ 

First,  mstructors  and  students  must  know  the  correct  methods  and 
p.rocedu][^s  to  accomplish  given  tasks.  \  .  • 

Second,  students  should  .demonstrate  a  skill,  proficiency  before 
using  a  particular  piece  of  equipment.  Many  accidents  ^are  the 
result  of  .a -person's  inability  to  use  equipment,  tools  and  safety 
devices  correctly. ' 

Third,  a  person's  physical  characterisfics  and  fitness  must  be  taken 
into  considmtion  as  it  affects  his/her  cfperations  within  the  school 
shop.  For  eicample,  poor  eyesight  or  a  problem  vnth  depth  per- 
ception is^  a  factor  Which  can  cause  a  student  to  hiake  a  faulty  . 
judgment  The  temporary  loss  ^  of  the' use  of  aliand  or  fingers 
because  of  an  injury  may  intei^efe-  with  the  manual  dexterity 
.  required  to  do  the  job  safely.  , 

Fourth,  instructors  and  students  should  maintain  a  high  and  con- 
tinuous regard  for  their  own  and  their  classmates'  safety  and 
health.  If  they  are  constantly  aware  and  always  alert  to  potentially^ 
dangerous  situations,  take  corrective  action-and  encourage  otlifeis 
to  dp  the  same,  then  great  progress  will  be  made  in  making  the^ 
shop  a  safe  and  productive  place  to  live  and  learn.    ' ' 

Fifth)  the  .instructor  in  charge  must  prpvide  proper  supervision.  Thei 
instructor  must  be  constantly  aware  of  th^  level  of  skUl  each 

student  has  acquired,  working  with  every  piece  of  equipment  and 

^  4         —  — — A 
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nCAUSE  FACTOR  TWO 
-SITUATIONAL  FACTORS 


Causes  of  Situational 
Problems 


Defects  in  Design 


Poor  Construction 


Improper  Storage  of 
Hazardous  Materials 


Inadequate  Planning^ 
Layout  and  Design 


CAUSE  FACTOR  THREE 
-ENVIRONMENTAL 
FACTORS 


tool  in  the  shop  and  adjust  the  supervision  of  each  student  accord- 
ingly. Furthermore;  when  the  instructor  lets  it  be  knoWn  that  he 
will  accept  nothing  less  than  safe  work  practices  and  as  safe  a 
shop  as  possible,  he  establiishes  an  important  principle  which 
shapes  his  students^  attitudes  and  actions,  not  only  in  his  shop  but 
in  all  the  shops  in  which  they  will  work. 

Along  with  human  factors,  situational  factors  are  another  inajor 
cause  of  accidents  in  the  industrial/vocational  education  shop. 
Situational  factors  are  those  operations,  tools,  equipment  and/or 
materials  which  contribute  to  accident'  situations.  Examples  are: 

1.  4inguarded,  poorly  maintained  and  defective  equipment 

-  2..  ungrounded  equipment  which  can  cause  sljock 

3.  equipment  without  adequate  warning  signai^ 

4.  F  '"^rfy  annanged  equipment  which  creates  congestion 
hazards  ' 

5.  equipment  located  in  positions  whi<iii  can  expose  more 
people  to  a  potential  hazard  than  is  necessary. 

Causes  of  situational  problenasVhich  can  produce  accidents  in  the^ 
industrial/vocational  education  shop  are: 

1.  defects  in  dfisign\e.g.^  a  container  for  use  with  flammable 
materials  without  adequate  venting  devices  and  constructed 
from  lightwcigjit  metal) 


2. 


poor,  substandard  construction  (e,g.,  a  ladder  built  ]yith 
defective  lumber  or  with  a  variation  in  the  space  of  its 
,    ^  ninRs) 

« 

3.  improper  storage  of  hazardcus  materials  (e.g.,  oxygen  and 
acetylene  cylinders  storet)  in  ?;n  unstable  manner  and 
ready  to  topple  over  with  the  slightest  impact)' 

4.  inadequate  planning,  layout  and  design  (e.g.,  a  weMir^ 
station  located  nearcombustible  materials  or  placed  where 
many  students  without  protection  are  exposed  to. the 
intense  li^t  of  a  welding  arc). 

The  third  factor  in  accident  causation  is  the  environmental  one, 
the  way  in  which  the  ^hool  shop  setting  direct|y  or  indirectly  can 
cause  or  contrib  te  to  accident  situations.  Environmental  factors 
fall  into  three  broad  categories:  physical,  chemical  and  biological. 
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Physical*  Category,  Noise,  vibration,  fatigue,  illumination,  heat  and 
cold  art&'  examples  of  factors  in^ch  have  the  capacity  directly  or 
inc^iectly  to  influ^ce  or  cause  accidents.  If  operations  on  a 
machine  lathe,  for  ejteiple,  produce  high  noise  levels,  such  noise 
may  interfere  with  communications  in  the  shop  environment. 
Thus,  ^  student  may  be  unable  to  warn  another  student  ^of  a 
hazard  ih'  time  to  avoid  an  accident  ' 

Chemical  Category.  Under  this  category  are  toxic  fumes,  vapors, 
mists,  smokj>8  and  .dost*  In  addition  to  causings  illnesses,  these 
elements  often  impaur  a  student's  skill,  reactions,  judgment  or  con^ 
centration.  For  example,  a  student  ^o  has  been  exposed  to  the 
narcotic  effect  of  tome  solvent  vapors  may  experience  an  altera- 
tion of  his  judgment  and  move  Ms  hand  too  close  to  the  cutting 
blade  of  a  milling  machir.e. 

Biologifal  Category.  This  category  is  seldom  experienced  by  those 
in  school  shops  but  is  experienced  by  many  workers  in  industry* 
Biolggical  factors  are  those  which  are  cBj^le  of  making  a  person 
ill  from  contact  wjth  bacteria  and  microorgaiiiBms^  (e.g.,  mainte- 
nance personnel  worldng  around  waste  systems  and  sewi^e  facili- 
ties or  students  working  with  'cutting  oils  without  adequate 
protection).  ,s  •  *        ,  - 

Situational  and  enviromtiental  hazards  enter  the  industrial/voca- 
tionaKU^ucation' shop  from  many  sources*  The  primary  con- 
tributors are:  o,  * 

1.  students 

2.  those  responsible  for  purchasing  items  for  use  in  the  shop 

3*  those'  rteponsible  ^for  tool,  equipment  and  machinery 
placement  and  for  providing  adequate  machine  guards 

.  I.  those  respon;nble  lor  maintaining  shop  equipment,  ma- 
chinery, tools,  etc*  ^  t> 

Students  contribute  to  situationally  and  environmentally  caused 
hazards  in  industrial/vocational  education  shops  by  disregarding 
safety  rules  and  regulatiot^,  by  making  safety  devi  ces  inoperative,^ 
by  using  equipment  and  \tools  incorrectly,  by  .using  defective 
topis  rather  than  taking  tiie-  time  to  secure  serviceable  ones,  by 
&3ing  to  XM  exhaust  fans  when  required  and  by  using  toxic 
substances  in  unve'ntilated  areas* 

Those  responsible  for  purchasing  items  for  the  industrial/voca- 
tioiud  education  shop  are  often  instrumental  in  causing  situational 
and  ^environmentil  hazards^  With  little  consideration  given  to 
hazibxis,  those  in  charge  of  the  piuchasing  ta^k  sometimes  acquire 
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Machinery 
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f 

V    jPaiiling  to  Adjust  and 
'^Lubricate 

,  -  Failing  to  Inspect 


Failing  to  Replace  Belts 


tools,  equipment  and  machinery  without  adequate  guards  and 
other  safety  devices,  -specially  if  such  items  can  be  obtained  at  a 
bargain.  Sometimes  toxic  and  hazardous  materials  are  purchased, 
whiqh  in  many  cases  could  be  replaced  by  materials  lejstoicic  and 
hazardous.  Furthermore,  purchasing  agents  sometimes  fail  to 
acquire  from  th^  vendor"  and  to  disseminate  to  those  in  charge 
of  the  shop  program  warning  and  control  information. 

Those  involved  in  shop  layout  and  design,  the  placement  of  equip- 
ment  and  machinery,  and  the  provision  of  adequate  guarding  and 
safety  devices  or- equipment  also  contribute  to  hazardous  situa- 
tions in  the  shop.  Examples  are:  .  • 

1-  placing  equipment  and  machinery  with  reciprocating  parts 
where  students  and "  instructors' can  be 'crushed  between 
the  Equipment  and  substantial  objects 

2.  installing  electrical  control  switches  on  .machinery  in  such 
a  manner  that  the  operator  must  be  exposed  to  the  hazards 
of  cutting  tools,  blades,  etc.,  in  order  to  start  siid  stop 'the 
equipment      <       ^  • 

3.  installing  guards  on  equipment  and  machinery  which  inter- 
fere with  work  operations  '  -      '  * 

4.  luting  work  stations  with  iiigh  hazard  potential  where  y 
fhey  expose  other  students  tmnecessarily  (e^g.,  placing  a 
welding  station  in  the  middle  of  a  floor  area  instead  of 

^  locating  it  in  a  comer  or  along  a  wall  where  better  control 
over  the  weldin|[  light  is  possible).     ^  . 

Those  responsible  for  shop  maintenance  are  often  the  cause  of 
hazards  in  the  industrial/vocational  education  shop.  Examples  are: 

1.  xiuring  the  course  of  their  work,  leaving  exposed  electrical 
wire  splices  without  adequatie  insulation,  increasing  the 
possibility  of  an  electrical*  shock  should  a  student  or  in- 
structor come  fii  contaot  with  the  wires 

2^  not  detecting  or  replacing^om  or  damaged  machine  and 
equipment  parts  (e.g.,  abrasive  wheels  on  power  grinders) 

3.  failing  to  adjust  and  lubricate  equipment  and  machinery  on 
a  scheduledi)asis 

4.  failing  to  inspect  and  replace  worn  hoisting  and  lifting 
equipment 

5.  failing  to  replace  worn  and  frayed  belts  on  equipment 
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6.  over-oiling  ;notor  .bearings,  resulting  in  oil  being  thrown 
onto  the  insulation  of  electrical  wiring  and  onto^the- shop 
floor  and  perhaps  damaging  the  bearings.  .  , 

So  far,  we  have  discussed  examples  of  accident  causes.  From  this 
.  point  on,  accident  causes  will  be  referred  to  as  hazards,  A  work- 
able definition  of  "hazard"  is: 

any  existing  or  potential  condition  in  the  workplace  which,  by 
itself  or  by  interacting  with  other  variables,  can  result  in  the 
unwanted  effects  of  property  damage,  illnesses,  injuries,  deathc 
.  and  other  losses.^ 

This  d'efinition  carrier  with  it  two  significant  points.  First,  a  condi- 
tion does  not  have  to  exist  at  the  moment  to  be  classified  as  a 
hazard.  When  the  total  hazard  situation  is  being  evaluated,  poten- 
tially hazardous  conditions  rnust  b^^considered.  Secondly,  hazards 
may  not  result  from  independent  failure  of  workplace  components 
but  from  orte  workplace  component  acting  upon  or  influencing 
another-  For  instance,  if  gasoline  or  anotiier  highly  flammlable 
substance  comes  in  contact  with  sulfuric  acid,  the  reaction  created 
by  the  two  substances  produces  both  toxic  fumes  and  sufficient- 
heat  for  combustion. 

Hazards  are  generally  grouped  in  two  broad  categories:  those 
dealing  with  safety  (e^g.,  injuries)  and  those  dealing  with  health 
(e.g.,  illness).  Thou^  a  hazard  is  a  hazard  matter  what  its 
origin,  for  ease  in  communication  the  broad  category  "hazard" 
will  be  subdivided. 

A  safety  hazard  usually  results  in  trauma.  It  evolves  from  a  situa- 
tion in  which  students  may  be  injured  or  killed  because  of  elec- 
trical, thermal  and  mechanical  conditions  (e.g.,  faulty  electrical 
wiring  on  tools  and  equipment;  unguarded  gears  or  blades  on 
equipment;  oil  spots  on  the  shop  floor;  rags  satqrated  with  flam- 
mable substances  stored  in  cardboard  boxes;  grinders^without  tool 
rests,  with  tool  rests  improperly  adjusted  or  without  flange  guards). 

A  health  hazard  is  a  condition  in  the'shop  which  has  the  potential 
to  cause  illness.  Examples  of  health  hazards  are  high  noise  levels, 
dust,  fumes  from  welding,  mists,  vapors  from  solvents,  smoke 
from  the  foundry  and  forging  operations  and  solvents  causing* 
infection. 

A  single  condition,  substance  or  material  can  be  classified  as  both, 
a  safety  and  health  hazard  at  the  same  time.  Foj  example,  benzene 
vapor  can  cause  lung  irritation 'and  perhaps  more  advanced  forms^, 
of  illness  if  inhaled  over  long  periods  of  time.  If  this  substance  is 
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ELEMENTS  WITHIN  THE 
OPERATOR/MACHINE 
SYSTEM  .  '.  . 

1.  THE  STUDENT  . 


Basic  Functions  of 
Human  Component; 

a>  Sensing 


used  in  a  closed  room  mthout  adequate  ventilation  or  cpmes  in 
contact  with  an  open  flame,  it  may  i^mte  and  e^^^lode,  causing 
severe  injury  and  death  to  workers  and  extensive  property  damage- 
In  this  case,-  the  benzene  vapor,  normally  consideii;d'a  health 
hazard,  is  also  a  safety  hazard.  ^ .  ^ 

So  far  we  have  iiscussed  the  nature  and  major  causes  of  accidents 
occurring  in  industrial/vocational  educatioh  shops.  We  have  tie-  > 
fined  accident  fiUly  and  refined  that  definition  further  bx'labeling. 
as  hazards  the '  6auses  of  accidents.  We  have  discussed  the  in- 
dii'idual  elements  that  make  up  a  shop  seating;  that  is^the  network 
of  machines,  surroundijrtgjs,  operations  and  human  beings  that  are" 
referred  to  as  th%  ogerator/machine  systepa.  Our  next  task  is  to" 
explore  the  proper  function  of  each  of  these  elements  within  the 
operator/machine  system.   ^  "     .  * 

Each  student  in  the  industrial/vocational  education  shop,  like 
workers  in  industry,  performs  a  job  as  part  of  a  network  referred 
to  as  an  operator/machine  system.  In  order  for  the  system  to  move 
toward  its  objectives,  a  student  must  carry  out  his  role  effectively 
and  avoid  taking  unnecessary  risks,  to  do  this,  the  student  must 
pe  made  aware  of  the  following: 

1.  the  necessary'  requirements  of  the  task  and  the  steps  he  wiU 
take*to  accomplish  it 


his  own  knowledge,  skill,  and  limitations 
relate  to  the  task 


how  thpy 


ERJC 


3.  what  \vill  be  gained  if  he  attempts  the  task  and  succeeds 

4.  the  unfavorable  consequences  that  will  result  if  his  attempt 
at  the  task  fails 

5.  what  \vill  be  lost  if  he  does  not  attempt  to  accomplish  the 
task  at  al  1.5 

In  any  operator/machine  system,  the  human  comporient  fulfills 
three  basic  functions:  (1)  sensing,  (2)  information  processing  and 
(3)  controlling.  • 

As  a  "sensor,"  the  human  serves  to  monitor  or  gather  information. 
The  student  does  such  things  as: 

1.  feeling  excess  vibration 

2.  hearing  abnormal  engine  noises 

3.  smelling  peculiar  odors  • 
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4.  observing  that  a  belt  )s  frayed. 

As  an  information  |)rocessor,  the  student  uses  the  information 
collected  to  make  a  decision  about  the  relevance  or  appropriate* 
ness  of  various  courses  of  action.  ^ 

The  third  function  flows  from  the  first  two  in  that,  once  informa- 
tion -is  collected  and  processed,  the  human  serves  as  a  controller 
to  keep  the  situation  within  acceptable  limits  or  to  take  the 
necessary  action  that  will  bring  the  system  back  into  an  acceptable 
(i.e.,  safe)  range. 

^In  analyzing  our  accident  situation  and  looking  at  corrective 
actions  aimed  at  the  human,  we  should  do  so  in  light  of  the 
three  functions  discussed  above.  The  questions  we  should  ask, 
then,  are  the  following: 

Q 

1.  Sensing:  .Die!  the  error  occur  while  the  student  was  gather- 
ing information  throu^i  his  senses?  Was  the  student  able  to 
perceive  the  information  (e.g.,  no  glare,  adequate  illumina- 
tion)? 

2.  Processing:  Did  the  error  occur  as  a  residt  of  faulty  informa- 
tion processing  and  decision  making? 

3.  Controlling:  Did  the  error  occur  because  the  instructor  or 
student  took  action  which  was  not  appropriate?  Was  an 
appropriate  control  option  available? 

The*second  element  within  the  operator/machine  system  4nvolves 
determining  operating  conditions  which  can  contribute  to  hazards. 
From  a  safety  and  health  standpoint,  questions  should  be  raised 
about  the  shape  of  tools,  their  size  and  thickness,  the  weight  of 
equipment,  operator  comfort,  and  the  strength  required  to  use  or 
operate  tools,  equipment  and  machinery. 

In  examining  the  physical  surroundings  as  part  of  the  operator/ 
machine  system,  we  must  give  specia'  consideration  to  those 
factors  that  might  detract  from  the  comfort,  health  and  safety  of 
the  student.  Special  emphasis  should  be  placed  on: 

1.  the. shop  layout  (whether  the  student  has  sufficient  room 
while  p^orming  his  assigned  task) 

2.  adequate  illuhiination  (Poorly  lit  areais  not  only  increase 
*a  student^s  eyestrain  but  also  may  increase  his  chance  of 
making  mistakes  and  having  accidents.) 

3.  such  factors  as  temperature,  humidity,  noise,  vibration  and 
ventilation  of  toxic  materials. 


b.  Information  Processing 


c.  Controlling 


2.  TOOLS,  MACHINES 
AND  EQUIPMENT 


3.  PHYSICAL 

SURROUNDINGS 
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.     V  ^  r~ 

In  our  attempt  to  ^ake  the  s^^ol  shop  a  safe  and  healthy  place 
to  work,  the  abov^  factors  along  with  others  in  the  same  class 
must  be  controlled  as  closely  as  possible.  . 

Although  this  element  within  the  student/machine  system  is 
often  only  casually  mentioned,  interpersonal  relationships  play  an 
important  role  in  operational  effectiveness.  The  task  one  student 
performs  must  be  viewed  in  relation  to  the  tasks  performed  by 
other  students.  Special  consideration  sl;LOukl  be  given  to  determin- 
ing whether  the  task  requires  coordinating  information,  materials  ^ 
and  human  efforts. 

An  industrial/vocational  education  shop  which  creates  a  mood  of 
cooperation  allows  the  students  to  feel  that  they  "belong"  to  the  ^ 
group.  Such  an  atmosphere  contributes  to  high  morale,  raises  the 
quality  of  the  work/miniihizes.  horseplay  and  is  conducive  to  a 
more  controlled  operation. 

♦ 

This  unit  provides  the  foundation  upon  which  to  build  an  effe^ 
tive  safety  and  health  program.  We  understand  now  the  nature  r 
and  causes  of  accidents,  and  we  see  that  the  school  shop  is  a  sys-  ( 
tem  where  students,  instructors,  tools,  machines  and  the  physical  * 
setting  interact.with  each  other.  *  \^ 


NOTES 


1.  Accident  Facts,  1978  ed.  (Chicago:  National  Safety  Council, 
1978),  p.  3i 

2.  Based  on  Accident  Facts,  1978  ed.,  pp.  90^dl.     ^  , 

3.  Adapted  from  Robert  J.  Firenze,  The  Process  of  Hazard 
^    Control  (Dubuque:  Kendall/Hunt,  1978),  p.  18. 

4.  Adapted  from  Firenze,  Process  of  Hazard  Control,  p.  74. 

5.  See  Robert  J.  Firenze,  Guide  to  Occjupational  Safety  and  Health 
Management  (Dubuque:  Kendall/Hunt,  1973),  pp.  34—35. 
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QUESTIONI 


^Ind-Sswers 


1.  Namethree  undesirable  effects  resulting  from  an  accident  situation* 


Any  three  from  among  the  following: 

a.  htiman  losses 

b.  damage  to  or  loss  of  equipmeht 

'  Cx  damage  to  or  loss  of  materials 

s 

d.  permanent  or  temporary  loss  of  shop  facilities 

^ 

e.  cost  of  medical  treatment 

f.  administrative  costs  "  - 

g.  liability. 


\ 


2.  It  has  been  said  that  accidents  do  not^  have  to  result  in  injuries  to  be  classified  as  acci- 
dents. Explain  t h  is  statement. 


Injuries  are  only  one  outcome  of  an  accident  situation.  Damage,  - 
equipment  loss  and  so  forth  are  other  possible  outcofnes,  but  it 
is  entirely  possible  for  an  accident  to  produce  no  visible  or 
calculable  effect  at  all.  The  important  thingjto  keep  in  mind  is 

.that,  whatever  the  outcome*,  one  factor  or  a  combinatipn  of 
factors  caysed  the  accident  Chances  are  that  an  accident  that 
caused  damage  to  a  piece  of  equipment  today  ^as  the  potential 

•to  cause  serious  injury  tomorrow. 


3.  What  are  the  three  major  groupings  intq  which  accident  causes  are  placed? 


Human,  situational  and  environmental. 


V 
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4*  Give  three  examples  of  unsafe  acts,  commonly  responsible  for  accidents  in  the  indus- 
trial/vocational education  shop. 

i  Any  three  examples,  including  the  following: 

a.  using  equipment  without  authority 

b.  operating  equipment  at  an  unsafe  speed  or  in  any  other 
>  improper  way  ^ 

c.  removmg  or  rendering  inoperative  a  safety  device 

d.  using  defective  tools. 

■•■    -      >  " 

 /  J  

5.  What  is  the  difference  between  a  safety  hazard  and  a  health  hazard? 


A  safety  hazard  is  a  condition  resulting  in  trauma  or  injury; 
a  health  hazard  results  in  illness. 


6.  What  are  the  elements  in  the  operator/machine  system? 


a.  the  student 

b.  tools,  machines  and  equipment 

c.  physic^d  surr6undings 

d.  fellow  students.  * 
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UNIT  2     „           .  i 

ORGANIZATION  FOR  SAFETY  AND  HEALTH  PROGRAMS 

i  METHODS 

*  » 

Lecture,  Class  Participation                   >              LENGTH:  45  Minutes 

*  % 

I  -  PURPOSE 

To  discuss  the  essential  elements  in  organizing  an  effective  safety  and  health  ; 
program  for  industrial/vocational  education  shops* 

-                                 -                .  * 

"*                   TP /'"'Tim?  o 

<              ...  * 

s  • 

/'no 

!> 

«  I 

To  famuianze  the  participant  with: 

1*  The  necessity  for  administrative  support  * 

2.  The  necessity  for  virell  defmed  objectives  and  a  policy  to  guide  the  pro- 
gram's  dntection  » 

3.  The  role  of  req)onsibility  and  authority  at  all  levels  of  the  school  organiza- 
tion.                                                   '                              *  : 

r       '  SPECIAL  TERMS 

;•           •       -  \ 

1*  ResponsibUitQr 
2.  Authority 

INSTRUCTOR 

Lesson  Plan 

v/verneaa  iransparencies,  rrojector  and  ocreen 
Chalk  Board/Chalk 

> 

I  TRAINEE 

MATIPDTAT  C 

^  MAIeiKJLAJLiO 

Participant  Outlines  and  Supplementary^Materials                                               ^  \ 

< 

1 

* 

t  * 

\ 

/ 

1  * 

k        '  .                  •  . 
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UNIT  2 

ORGANIZATION  FOR  SAFETY  AND  HEALTH  PROGRAMS 


The  purpose  of  a  safely  and  health  program  oi^anization  is  to 
help  school  administrators  develop  and  operate  a  program  that 
ivill  prevent  and.  control  accidents  involvirt  the  three  factors 
discussed  in  ^  Unit  1:  human,  situational^d  environmental.^ 
tJuch  a  program  will  protect  students  and  increa^the  effectiveness 
of  instructional  methods  ^d  shop  operations. 

"^The  eliininatibn  ;or  reduction  of  accidents  in  the  school  shop 
setting  should  be  of  primary  importance  to  everyone  in  the 
schooL  A  formal  safety  and  health  program  will  provide  a  means 
for  administrators,  department  heads,  instructors  and  students  to 
accomplish  safety  and  health  objectives. 

A  safety  and  health  organization  which  has  rtpeciQc  functions, 
brokl  representation  and  administrative  support  can  help  to 
create  a  more  enjoyable  school  atmosphere  for  both  instructors 
and  students.  Furthermore,  the  image  created  by  such  a  program 
is  valuable  fix)m<a  public  relations  standpoint  and  furthers  the 
schoprs  reputation  while  encouraging  students  to  enroll  in  the 
industrial/vocational  education  program/  ^  ^ 

The  figure  below  illustrates  the  mqor  components  of  an  indus- 
trial/vocational education  safety  and  health  program.  Each  pf 
these  elements  will  be  discussed  at  varying  lengths  throughout 
the  remainder  of  this  course.  * 


MAJOR  COMPONENTS  OF  A  SCHOOL  SAFETY  AND  HEALTH  PROGRAM 
FOR  INDUSTRIAL  /  VOCATIONAL  EDUCATION 


Inspection  Programs  • 
Maintenance  Programs  • 
Hazard  Analyses  • 
Housekeeping  • 
Standards  Compliance  • 
Accident  Investigation  9, 
Safety  Committees 


•  Program  Policy 
SAFETY      *  P^^ograrn  Objectives  ' 

AND        *  Measuring  Program  Effectiveness 
HEALTH     *  Assigning  Responsibility  &  Authority 
PROGRAMS  *  ^^"^.^'^^  Orientation.  Training  &  Education 
Supervisibn 

Program  Implementation 


I  Including  Hazard  Recognition  tn  Instruction  &  Curricula 


Critical  to  the  design  and  organization  of  a  safety  and  health 
program  is  the  establishment  of  objectives  and  policy  to  guide  the 
programfs  djpvelopment. 

2.3 


PURPOSE  OF  . 
ORGANIZATION 

To  Control  Accidents 

To  Protect  Students 

To  Increase  Effectiveness.  • 


To  Provide  a  Means  for 
Group  Participation 


ESTABLISHING  PROGRAM 
OBJECTIVES 


■  <^ 

Gaining  and  Maintaining 
Support 

Motivating,  Educating, 
Training  ^ 

Engineering  Hazard  Control 
into  Design 

Providing  Inspection  and 
Maintenance  , 

Incorporating  Hazard  Control 

Complying  with  Standards 
POUCY  STATEMENT 


t 


J  < 


The  first  step,  then,  is  to  establish  specific  objectives  to  guide  the 
direction  of  the  safety  and  health  program.  If  the  school  has  a 
safety  and  health  committee,  it  would  be  the  logical  body  to  set 
objectives.  Otherwise,  principal  will  need  to  appoint  a  special 
committee,  including  instructors,  industrialjh^ocational  education 
departnient  lieads  and  an  administration  representative*  Among 
the  objectives  should  be: 

-  1.  gaining  and  maintaining  support  for  the  program 

2.  •  motivating,  educating  and  training  those  involved  in  the^ 

progi^un  to  I'ecognize  and  correct  or  report  hazards  located 
in  the  shop  area      *  . 

3.  engineering,  hazard  control  into  the  design  of  x^hines, 
tools  and  shop  facilities 

*  *  •* 

4.  providing  a  program  of  inspection  zjxd  maintenance  for 
machinery,  equipment,  tools  and  shop  facilities 

5*  incorporating  hazard  c^trol  into  school  training  and 
educational  techniques  ^d  methock  ^ 

6.  complying  with  established  safety  and  health  standards.^ 

Once  the  objectives  have  been  formulated,  the  second  step  is  for 
the  principal  or  director  to  adopt  a  fohnal  policy.  A  policy  state- 
ment released  in  printed  form  ov^  the  signature  of  the  highest 
school  administrator  should  be  made  available  to  all  school  per- 
sonnel It  should  state  the' purpose  behind  the  safety  and  health 
program  and  x<^quire  the  active  participation  of  all  those  involved 
in  the  program's  operation.  Tlie  policy  statement  also  should 
reflect; 
> 

1.  the  importance  which  the  school  administration. places 'on 
the  he£dth  and  well-being  of  its  staff  and  students 

2.  the  emphasis  the  school  places  on  efficient  operations  with 
a  minimum  of  accidents  and  losses 

3.  the  int&ntion  of  integrating  hazard  control  into  all  shop 
operatjfons 

4.  the  necessity  for  active  leadership,  direct  participation  and 
enthusiastic  support  of  the  entire  school  oi^anization 

5.  the  intent  of  the  school  administration  to  bring  its  focili- 
ties,  operations,  machinery,  equipment,  tools,  etc.,  within 
compliance  with  health  and  safety*  standards  and>  regula- 
tions. * 
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Adequate  funds  must  be  allocated  in  "Ihe  school  budget  for  safety 
and  health  along  with  those  allocations  traditionally  associated 
"With'the  training  and  educational  process.  School  administrators, 
'with  assistance  from  their  instructors  and  safety  and  health 
committees,  must  define  their  safety  and  health  program  needs 
and,  according  to  priorities,  submit  short  and  long-rajfige  (three  to 
five  years)  budget  projections.  With  such  projecjtions  in  hand, 
school  administrators  are  able  to  present  their  needs  to  those  with ' 
fiscal  responsibility  and  stand  a  better  chance  of  acquiring  what, 
they  need  to  make  their  program  function. 

Responsibility  for  the  safety  and  health  program  can  be  estab- 
lished at  the  following  levels: 

1.  school  administrators 

2.  department  beads 

3.  instructors 

4.  students 

5.  student  shop  foremen 

6.  purchasing  agents 

7.  maintenance  p.ersonnel 

8.  safety  committees 

9.  parents 

Before  any  safety  and  health  program  for  industrial/vocational 
education  shops  g«ts  imderway,-  it  is  essential  that  such  a  program 
receive  the  full  support  and  commitment  of  the  top  school  a£nin* 
*istrators.  The  school  board,  th§  superintendent,  director  cf  indua- 
trial/vocational^education,  principal  and  others  concerned  with 
administration  and  supervision  must  accept  full  responsibility  for 
the  safety  and  health  program  in  its  estabiishpient  and 'furnish 
the  drive  to  get*  the  program  started  and  oversee  its  operations. 
Their  responsibility  is  the  continuing  obligation  to  carry  out  an 
effective  safety  and  health  program.* 

Furthermore,  principals  or  directors  must  initiate  discussions  with 
department  Hfeads,.  instructors  and  others  in  the  program  during 
pre-planning  meetings  and  periodically  throughout  the  school 
year.  Such  discussions  may  deal  with  program  progress^,  specific 
needs  and  a  review  of  school  safety  and  he^h  procedures  and 
altemattves  for  handling  emei^encies  in  the  event  an  accident 
occurs- 
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PROGRAM 


RESPONSIBILITIES 
OF SCHOOL  •  . 
ADMINISTRATORS(^ 


Setting  Objectives  and  Policy 
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or 
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Supporting  Department 
Heads  and  Instructors 


Complying  with  Regulations 


Delegating^Authority 


Asserting  Authority 


Insisting  on  Safety 
Information 


Ensuring  Effective  Fire 
Protection 


Specifically,  responsibility  at  this  level  appear^^ij/ the  form  of 
setting  objectives  and  policy,  supporting  department  heads  and 
instructors  in  their  requests  for  necessary  information,  faqilities, 
tools  and  equipment  to  conduct  an  effective  shop  safety  program 
and  establish  a  safe  and  healthy  educational  environment.^  ^ 

in  addition^  administrators  must  become  cognizant  of  the  fact 
that  they  are  not  maximizing  their  school's  potential  efficiency 
and  effectiveness  until  they  bring  their  operations  ^within  compli- 
ance with  federal  and  state  safety  and  health  regulations,  w,hether 
or  not'these  regulations  are'toandatory. 

In  order  for  any  safety  and  health  program  to  succeed,  it  is  necesr, 
sary  for  those  in  command  to^delegate  the  necessary  prerogatives 
to  those  at  various  levels  of  the  school.  Although  responsibility 
cannot  be  delegated,  authority  for  hazard  control  can  be.  ' 

In  Unit  5,  we  will  see  how  the  administration  can  delegate  author- 
ity to  a  Safety  and.  Health  Policy*  Committee,  which  includes  a 
vice  principal,  ^department  heads  and  instructors.  The  Policy 
Committee  review^  the  recommendations  it.  receives  from  the 
Shop  Safety  and  Health  Committee.  In  a  smaller  school  the 
adininistration  will  receive  directly  the  recommendations  of  the 
Safety  and  Health  Committee,  which  will  aci)  as  both  the  Policj? 
and  the  Shop  Conmiittee. 

While  authority  always  must  start  with  those  in  the  higl)|est  admin- 
istrative levels,  it  eventually  must  be  delegated  to  other  responsible 
people  in  order  to  achieve  desired  results.  If  department  heads  and 
instr&cto]^  are  to  conduct  a  vigorous  and  thorough  safety  and 
health  program,  if  they  are  to  accept  and  assert  the  authority 
delegated  to  them  when  circumstances  warrant  it,  they  must  be 
fully  confident  that  they  have  administrative  support.  - 

School  admui'stratoris  must  imderstand  that,  although  they  can 
assert  authority,  they  may  find  resistance  unless  have  enlisted 
support  from  the  earliest  stages  of  ike  program,  u  the  instructors 
are  not  aware,  of  the  reasons  for  and  tiie  benefits  of  a  thorough- 
going health  and  safety  program,,  they  may  resist  any  changes  in 
their  methods  of  operation  and  fastruction  and  generally  do 
littlb  to  assist  the  overall  program  effort.  ' 

Administrators  must  insist  that  safety  and  health  information  be 
included  as  an  integral  part  of  instructional  curricula,  methods, 
materials  and  operations. 

In  addition,  administrators  must  ensure  that  effective  0re  pre- 
vention and  protection  controls  exist.  For  example,  they  mtist  be 
aware  of  the  sources  of  ignition  Within  the  school  pl&nt,"  the 
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safety  codes  and  regulations  which  pertain  to  the  building,  how 
the  physical  structure  of  shops  and  the  school  facility  affects  the 
spread  of  fire  and  the  metiiods  for  detecting  ai^d  extinguishing  a 
fire  should  it  occur.-       •  .  . 

School  administrators  must  guarantee  a  system  where  hazard  con- 
trol is  considered  an  important  part  of  equipment  purchase  and 
process  design^  preventive  maintenance,  shop  layout  and  design 
and  so  forth. 4 

School' administrators  pxe  required  to  safeguard  employees'  and 
students'  health  by  seeing  to  it  that  the  shop  environment  is 
adequately  controlled.  Xfiey  must  be  aware  of  those  shop  opera- 
tions which  produce  airborne  fumes,  mists,  smokes,  vapors,  dusts,^ 
noise,  vibration,  etc.,  th^t  hfive  the  capacity  to  c^e  impaired 
health  or  discomfort  amon^he  student  populati($n.  Administra- 
tors must  be  aware  that  occupational  illnesses  may  begin  in  the 
school  Shop  environment  and  may  eventually  take  their  toll 
during  the  years  after-  the  student  graduates  and  enters  industry. 

In  order  to  maintain  control  over  the  physical,  chemical  and 
biological  hazards  in  the  shop  environment,  school  administrators 
miist  require  a  continuous*  monitoring  system.  The  purpose  of  the 
monitoring  program  is  to  detect  the  causes"  of  occupational  illness 
in  time  to*  provide  early  and  effective  countermeasures.  The  in- 
structor's daily  monitoring  has  greater  weight  if  it  receives  admin- 
istrative backing,  student  participation  aj^  periodic  review  by  the 
Shop  Safety  and'^Health  Committee.  ^ 

Finally,  schobl  administrators  must  provide  meaningful  criteria  to 
measure  the  success  of  the  safety  and  health  program  and  to  pro- 
vide informatron-'upon  which  to  base  future  decisions.  They  must 
decide  what  the  program  should  yield  in  terms  of  reduced  acci- 
dents, injuries,  illnesses  and  their  associated  losses. 

The  industrial/vocational  education  department  heads  are  in 
strategic  positions- within  the  school  setting.  Without  their  full 
support,  the  best  designed  health  safety  program  will  not  be 
effective..  Their  leadership  and  influence  ensure  that  safety  and 
health  standards  are  enforced  and  upheld  in  each  individual  area 
and  that  standard's  and  enforcement  are  uniform  throughout  the 
schaol.  Among  their  many  responsibilities  are  the  following: 

1.  to^make  certain  that  materials,  equipment  and  machines 
slated  for  distribution  to  the  tho^s  under  tt|eir  jurisdiction 
are  hazard  free  or  that  adequate  cbntyol  measures  have  been 
provided 


Guaranteeing  System  of 
Hazavd  Control 


Requiring  Monitoring  Program 


Providing  a  System  of 
Evaluation 


RESPONSIBILITIES  OF 
DEPARTMENT  HEADS 
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INSTRUCTORS 


2.  to  make  certain  tiiat  equipment,-* tools  and  machinery  are 
being  used  as  designed  and  are  properly  maintained 

^  .  --^ 

3.  to  keep  abreast  of  accident  and  injury  trends  occurring  in 
their  shops  and  to  take  proper  corrective  action  to.reverse 
these  trends 

4.  to  investigate  all  accidents  occurring  within  the  shops  under 
their  supervision 

5.  to  see  to  it  that  all  hazard  control  rules,  regulations  and 
procedures  are  enforced  in  the  shops  they  supervise 

6.  to  require  that  alShop  Operations  Hazard  Analysis.be  con« 
ducted  for  each  operation 

7.  to  require  that  hazard  recognition  and  control  information 

be  included  in  each  instructional  module  and  demonstra- 

•  tion  session 

*      •  *  » 

8.  to  actively  participate  in  and  support  the  Policy  and  Shop 
Safety  and  Health  Committee  and  to  follow  up  on  its 
recommendations. 

The  course  instructors-  in  industrial/vocational  education  carry 
great  influence.  With  their  support  school  administrators  can  be 
assured  of  an  effective  r^afety  and  health,  program*  Instructors 
hav^  a  moral  <ahd  professional  responsibility  to  safeguard  and 
educate  those  who  have  been  placed  under  their  supervision.  Thus, 
instructors  are  generally  responsible  for  creating  a  safe  and  healthy 
instructional  setting  and  for  integrating  hazard  recognition  and 

'control  into  all  aspects  of  the  curriculum.  By^their  careful  moni- 
toring they  can  prevent  accidents  for  which  the  school  carries 

'^ability.    *  *  *  - 

•For  all  practical  purposes  the  instructors,  like  the  supervisors  or 
foremen  in  industry,'  are  the  eyes  and  ears  of  the  shop  control 
system.  On  a  day-to-day  basis,  instructors  must  be  aware  of  what 
is  happening  in  their  respective  sliops,  who  is  doingit,  how  various 
tasks  are  being  performed  and. under  what  conditions.  As  the 
instructors  monitor  their  shops,  they  must  be  ready  to  change ; 
part  of  an  operation  o^  tjfie  entire  operation  they  perceive  the' 
^immediate  need  for  corrective  action.  The^chi^f  safety  and  health 
responsibilities  of  instructors  are: .  / 

*  ^  \ 

1.  to  train  and  educate  students  in  work  methods  and  tech- 
niques which  are  free  from  hazards/- 
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2.  to  demonstrate  an  active  intere'^*.  in  and  comply  with  school 
safety  an4  health  policies  and  regulati6ns  ^ 

3.  to  actively  participate  in  and  support*  the  Policy  and  Shop 
Safety  and  Health  Ck)mmittees  ; 

4.  to  supervise  and  evaluate  ^udent  performance  with  con* 
sideration  given  to  safe  behavior  and  work  metho(^ 

5,  to  monitor  the  shop  on  ^  diily  basis  for  human,  situational 
and  environmental  fadtors'capable  of  causing  accidents 

6,  to  cotrect  hazards  dented  in  their  monitoring  or  to  report 
such  hazards  to  the  persons  who  .can  take  corrective  action. 

7,  to  mvestigate  all  accidents  occurring  within  their  shops  to 
determine  cause.^ 

The  students  constitute*  the  largest  segment  of  the  industrial/ 
vocational  school  population  ai>d  are  responsible  for  making  the 
safety  and  heidth  program  succeed.  Well^trained  and  educated 
students  n^o  ^actively  participate  in  the  safety  program  are  proba* 
bly  the  greatest  deterrent  to  damage,  injuries  and  death  in  the 
industarial/vocational  school  shop*  The  most  common  student 
retponsibilities  are: 

1*  to  obey  school  safety  and  health  rules  and  regulations  and 
work  according  to  stwdard  shop  practices 


2.  to  recognize  and, report  to  the  instructor  hazardous  condi- 
tions or  v/ork  practices  in  the  shop 

3.  to  use  protective  and  safety  equipment,  tools  and  ma- 
chinery as  tliey  were  designed 

4.  to  report  all  injuries  or  exposure  to  toxic  material  to  the 
^  instructor  as  soon  as  possible. 

In  a  weL  balanced  industrial/vocational  education  safety  and 
health  program  ^ich  includes  active  participation  by.  the  stu- 
dents, a  student  sometimes  serves  as  the  student  shop  foreman.. 
His  job  is  to  inspect,  detect  and  correct.  The  specific  responsi- 
bilities of  the  student  shop  foreman^are: 

1.  to  encourage  fellow  students  to  comply  with  shop  safety 
and  health  regulations 

2.  to  detect  unsafe  practices  and' hazardous  machinery,  tools, 
equq>ment,  etc.;  to  .take  corrective  action  when  possible; 


responsibili'Aes  of 
students 


RESPONSWILraES  OF  » 
STUDENT^HOP  FOREMEN 
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PERSONNIilL' 


RESPONSIBILrnES  OF 
SAFETY  CWMMITTEES 


and  to  report  to  the  instructor  the  hazard  and  the  correc- 
tive action  taken  or  stUl  required 

3.  to  participate  in  accident  investigations 

4.  to  represent  students  on  the  Shop  Safety  and  Health  Com- 
'  mittee. 

Those  responsible  for  purchasing  items  for  the  industrial/voca- 
tional education  shops,  whether  they  be  department- heads  or 
specially  designated  persons,  are  in  a  key  position  to  help  reduce 
hazards  associated  with  school  shop  operations.  Among  the 
specific  responsibilities  of  those  who  purchase  items  are:  * 

1.  to  be  certain  that  tools,  equipment^  and  machinery  are 
oxdered  and  purchased  with  adequate  consideration  for 
student  ^health  and  safety  and  with  jadequate  protective 
devices  ^ 

2.  to  obtain  adequate  information  on  the  health  hazards 
associated  with  substances  and  materials  used  in  shop 
operations. 

TTiose  involved  with  maintaining  equipment,  ma/diinery  and 
facilities  play  an  important  role  in  reducing  accidents  in  the 
industrial/vocational  education  shop.  Among  the- responsibilities 
of  those  in  maintenance  are: 

1.  to  perform  construction  and"  installation  work  in  con- 
formance with  good  engineering  practices 

i 

2.  to  comply  with  acceptable  safety  and  health  standards 

3.  to  provide  planned  prei^entive  maintenance  on  electrical 
systems,  machinery,  equipment,  etc.,  to  prevent  abnormal 
deterioration,  loss  of  service,  or  safety  and  health  hazards 

4.  to  provide  for  the  timely  collection  and  diisposal  of  scrap 
materials  and  waste 

5.  to  actively  participate  in  and-support  the  Shop  Safety  and 
Health  Ck)mmittee.6 

In  Ui>it  5  of  this  course,  we  will  examine  the  rolfe  of  school  safety 
committees  in  the 'overall  safety  and  health  program.  The  Policy 
and  Shop  Safety  and  Health  Committees  are  made  up  of  depart- 
ment heads,  maintenance  personnel,  instructors,  students,  and 
administration  representatives.  Among  their  responsibilities  are: 

1.  to  survey  shop  facilities  for  safety  and  health  hi^zaids 
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2.  to  advise  administration  of  safety  and  health  hazards  found 
and  to  offer  recommendations  for  their  correction, 

3«  to  promote  and  evaluate  shop  programs  in  the  recognition 
of  safety  and  health  hazards 

4.  to  critically  examine  shop  safety  and  health  practices  and 
the  safety  information  contained  in  materials  and  curricula 

5.  to  evaluate  the  acceptability  of  safety  devices  and  personal 
protective  equipment  to  be  purchased  for  the  school  shops 

6.  to  conduct  accident  investigations. 

Although  parents  are  not  thought  of  as  part  of  th^  organizational 
framework  essential  to  an  effective  industrial/vocational  education 
safety  and  health  program/  their  support  and  understanding  will 
markedly  strengthen  such  a  program.  Parents  can  complement  the 
school  effort  by  placing  a  strong  value  on  safety  and  health  while 
their  children  are  at  home,  involved  in  recreation  or  being  trans- 
ported. Parents  who  have  been  informed  about  the  aims  and  im- 
portance of  safety  education  willingly  wiU  accept  the  following 
responsibilities  as  well: 

1.  to  actively  support  the  enactment  and  enforcement  of 
school  regulatiotis  that  mandate  the  acquisition  of  the  most 
qualified  and  experienced  instructors,  as  well^  the  acquisi- 
tion of  equipment  and  facilities  that  conform  to  acceptable 
safety  and  health  standards  for  industry 

2.  to  be  aware  of  the  potential  illness  and  injury  their  children 
ar€f  exposed  to  during  their  educational  and  training  process 

3.  to  support  the  instructor  and  the  school  administration 
when  penalties  must  be  assigned  for  violations  of  safety  and 
health  rules. 

With  the  support  of  ^ch  link  in -the  organizational  change,  an 
effective  industrial/vocational  education  safety  and'  health  pro- 
grain  can  \)e  established  and  maintained. 


RESPONSmiUTIES 
OF  PARENT^ 
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NOTES 


1.  See  Safety  Organization,  U.S.  Department  of  Labor,  Bulletin 
235  (1967),  p.  1. 

2.  See  "Evaluation  and  Control  of  Workplace  Accident  Potential," 
U.S.  Department  of  Health',  Education  and  Welfare,  NIOSH, 
January  1978,  I,  V*3.  Some  material  in  this  tmit  is  developed 
from  this  source. 

3.  See  Safety  for  Industrial  Education  and  Other  Vocational 
Programs,  Dade  County  (Fla.)  School  Board  Safety  Policies, 
p.  2. 

4.  Robert  J.  Firenze,  Guide  to  Occupational  Safety  and  Health 
Management  (Dubuque:  Kendall/Hunt,  1973),  p.  75.  This  is  the 
source  for  the  material  in  this  and  the  following  section. 

5.  See  Firenze,  Guide  to  Occupational  Sapsty  and  Health  Manage- 
ment, p.  77. 

6.  For  a  more  thorough  treatment  of  this  topic,  see  Maintaining 
Facilities  and  Operations,  U.S.  Department  of  Health,  Education 
and  Welfare,  NIOSH,  September  1979,  i,  5-7. 
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QUESTIONS  AND  ANSWEIiS 


!•  Many  safety  and  health  programs  have  floundered  because  those  designing  such  pro- 
-  .gram^  never  took  the  time  to  state  clearly  the  objectives  which  the  program  would 
accomplish.  List  at  least  four  objectives  common  to  any  good  program  design. 


Any  four  from  among  the  following: 

a.  gaining  and  maintaiping  support  at  all  levels  in  the  school 

b.  motivating,  education  and  training,  students  to  recognize 
.  alid  correct  or  report  shop  hazards 

c.  engineering  hazard  control  into  design 

d.  providing  a  program  of  inspection  and  maintenance 

e;  incorporating  hazard  control  into  class  content  and  operation 
f-.  ^  complying  with  established  safety  and  health  standairds. 


2.  Policy  statements  released  over  the  signature  of  the  top  school  administrator  set  the 
tone  for  the  program  and  establish  the  safety  and  health  effort  as  a  legitimate  program. 
List  four  major  items  to  be  included  in  pcUcy  statements. 


Four  from  among  the  following: 

a.  importance  which  the  school  administration  places  on 
health  and  well-being  of  istudents 

b.  emphasis  on  efficient  and  effective  shop  operations  with  a 
minimum  of  accidents  and  losses 

c.  the  intention  of  integrating  hazard  control  into  all  shop 
operations 

d.  the  necessity  for  active  leadership,  participation  and  support 
of  the  entire  school  organization 
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e,   intention  of  school  administration  to  comply  with  health 
and  safety  s^dards  and  regulations. 


3*  Establishing  responsibility  for  safety  and  health  ^t-various  levelsinthe  school  organiza- 
tion is  critical  to  the  program's  success*  List  each  of  the  nine  groups  who  are  responsible 
and^describe  one  of  its  responsibilities* 


a.  School  administrators:  any  one  from  among  the  following: 

(1)  to  set  objectives  and  policp  ^ 

(2)  to  support  department  heads  and  instructors 

(3)  to  insist  on  safety  and  health  information  as  part  of 
instruction 

(4)  to  ensure  effective  fire  protection 

^  (5)  to  guarantee  a  system  of  hazard  control 

(6)  to  require  a  monitoring  program 

(7)  to  provide  a  system  of  evaluation 

b*  Department  heads:  any  one  from  among  the  following: 

t  * 

(1)  to  make  (pertain  materials  distributed  in  the  shops  are 
hazard  free  or  that  adequate  controls  have  been  pro- 
vided 

(2)  to  make  certain  that  equipment  is  properly  used  and 
maintained  J 

(3)  to  keep  abreast  of  accident  and  injury  trends  and  to 
'  take  corrective  action  to  reverse  these  trends 

(4)  to  investigate  accidents  ^  \ 

(5)  to  see  that  hazard  control  rules  are  enforced 

(6)  to  require  a  Shop  Operations  Hazard  Analysis  for  each 
shop  operatioii 

(7)  to  require  that  hazard  recognition  and  control  in- 
formation is  part  of  instruction  and  demonstration 

(8)  to  be  part  of  the  Policy  and  Shop  Safety  and  Health 
Committees  • 

c.  Instructors:  any  one  from  among  the  following: 

(1)  to  train  students  in  safe  methods 

(2)  to  comply  with  school  safety  and  health  policies 
,  (3)  to  be  part  of  the  Policy  and  Shop  Safety  and  Health 

Committees 
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(4)  to  include  safety  performance  as  a  con^deration  in 
evaluating  students 

(5)  to  monitor  the  shop 

(6)  to  correct  or  repbrt  hazards 

(7)  to  investigate  all  accidents 

d.  Students:  any  one  from  among  the  following: 

(1)  to  obey  school  safety  rules  and  work  according  to 
-standard  shop  practices 

(2)  to  recognize  and  report  hazardous  conditions  and  work 
practices 

(3)  to  properljc  use  protective  equipment 

(4)  to  report  injuries  or  exposures    •  *. 

e.  Student  shop  foremen:  any  one  from  amoi^  the  following: 

(1)  to  encourage"  fellow  students  to  comply  with  safety 
and  health  rules 

(2)  to  detect  and  correct  or  report  unsafe  practices 

(3)  to  help  investigate  accidents 

(4)  to  represent  students  on  the  Shop  Safety  and  Health 
Committee 

t  iPurchasing  agents:  any  one^from  amoi^  the  following: 

(1)  to  purchase  safe  tools  and  equipment  and  protective 
devices 

(2)  to  obtain  information  about  health  hazards  associated 
with  substances  and  materials  used  in  the  shop 

g.  Maintenance  personnel:  any  one  from  amoi^  the  following:. 

(1)  to  comply  with  good  engineering  practices  in  construc- 
*  tion  and  installation 

(2)  to  comply  with  acceptable  safety  and  health  standards 

(3)  to  provide  planned  preventive  maintenance 

(4)  to  provide  for  timely  collection  and  disposal  of  scrap 
and  waste 

(5)  to  be  part  of  the  Shop  Safety  and  Health  Committee 

h.  Policy  and  Shop  Safety  and  Health  Committee:  any  one 
from  among  the  following:      '  ,  . 

(1)  to  survey  shop  facUities  for  safety  and  health  hazards 
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(2)  to  make  recommendations  to  the  administration 

(3)  to  promote  programs  in  hazard  recognition 

(4)  to  examine  shop  safety  practices  and  information 
contained  in  shop  materials  and  curricula 

(5)  to  evaluate  personal  protective  equipment 

(6)  to  conduct  accident  investigations 

Parents:  any  one  from  among  the  following: 

{  • 

(1)  to  support  enactment  and  enforcement  of  school 
safety  regulations      .  .  • 

(2)  to.be  aware  of  potential  illness  and  injury 

(3)  to  support  administration  and  instructors  when  penal- 
ties are  assignee!  for  violation  of  safety  rules. 
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METHODS 
PURPOSE 

OBJECTIVES 


SPECIAL  TERMS 


mSTRUCTOR 
MATERIALS 


TRAINEE  >  • 
MATERULS 


Lectwie  and  Demonstration 


LENGTH:  45  Minutes 


To  explain  the  process  of  locating,  assessing  and  eliminatin^r  at  least,  con- 
troUing-^iazards  in  the  school  industrial/vocational  education  shop. 


To  introduce  the  participant  to: 

1*  The  method  for  locating  and  evaluating  hazards 

2.  Decision  making  in  hazard  cpntrol ' 

3r  The  installation  of  preventive  and  corrective  measures 

4.  The  role  of  safety  and  healthi  inspections 

5.  Safety  and  health  program  evaluations*  | 


1»  Shop  Operations  Hazard  Analysis 
2.  ^  Hazard'Consequence  Category 


Lesson  Plan 

Overhead  Transparencies,  Projector  and  Screen 
Chalk  Board/Chalk  ' 


Participant  Outlines  and  Supplementary  Materials 


UNfrs 

jESSENTIAL  PROCESSES  IN  HAZARD  ''ONTROL 
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This  unit  will  ^xamin^  the  elements  of  the  hazard  control  process, 
with  emphasis  placed  on  the  interplay  between  these  elements. 
In  any  good  program  designed  to  reduce,  or  eliminate  hazards, 
five  essential  processes  must  be  present.  They  are:  *  / 

1.  hazard  identification  and  evaluation  ^ 

2.  administrative  decision  making 

2.  establishing  cbrrective  and  preventive  measures 

4.  safety  and^health  inspections  ^ 

5.  evaluation  of  program  effectiveness. 

The  first  process  in  a  comprehensive  hazard  control  program  is 
to  identify  and  evaluate  hazards  located  in  the  workplace.  These 
hazards  are  associated  with  machinery,  equipment,  tools,  opera- 
tions and  the. physical  plant.  The  purposes  of  this  first  process 
are  to:       ,  ^  ' 

\ 

1.  acquire  information  *about  what  specific  hazards  exist 

2.  rank  discovered  hazards  according  to  their  potential 
destructive  c(^sequences 

3.  estimate  the  probability  of  the  hazard  resulting  in  an 
accident  situation. 

.Anyofte  involved  in  coordinating  the  early  phases  of  a  safety  and 
health  program  for  a  school  has  many  ways  to  acquire  information 
about  hazards  associated  with  their  school  shops.  Here  are  four 
ways  to  acquire  hazard  informatiWi: 

1.  Interview  those  with  experience  in  shop  operations. 

2.  Examine  shop  surveys  and  inspections  and  facility  inspec- 
tion reports  conducted  by  local,  state  or  federal  enforce- 
ment organizations,  where  conditions  in  th$  shop  can  be 
evaluated  against  established  safety  tod  health  standards. 
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{ 


PROCESS  ONE:' 

HAZARD  IDENTIFICATION 

AND  EVALUAtlON 


LOCATING  HAZARD 
INFORMATION 


Interview  Those  with  Shop 
Experience 

Examine  Shop  Surveys  and 
Inspection  Reports 


Essential  Processes  in  Hazard  Control 


Review  Accident  Reports 

Conduct  Shop  Operations 
Hazard  Analysis 

j'  FIRST 
TnteryifeArThose-with  Shop- 
Experience  ^ 

1  Other  School  Safety  and 
Health  Personnel 


\  Insurance  Companies 


Mainteriancs  Personnel 


Manufacturers 


I   Suppliers  of  Materials 


OSHA 


NIOSH 


SECOND 
'Look  for  Results  of 
Inspections 


THIRD 
Examine  Accident  Reports 


3.  Review  all  school  shop  related  accidents. 

4.  '  Conduct  a  Shop  Operations  Hazard  Analysis. 

The  first  place  to  acquire  hazard  information  is  from  those  who 
are  familiar  with  industrial/vocs^tion^  education  shops  and  the 
-hazards  assQciatedJLwith  them.  Information  of  this  type  can  be 
obtained  from:  .  » 

*  * 

1.  safety  and  health  co  .inators  at  other  schools  which  have 
an  effective  safety  ai«-  health  program 

2.  insurance  company  loss  control  representatives  or,  for 
self-insured  schools,  theif  corporation  counsels  who  are 
familiar  with  those  hazards  which  cause  damage,  injuries 
and  fatalities  in  industrial/vocational  education  programs 

3.  school  maintenance  personnel  who  are  familiar  with  siiop 
facilities  and  contents  ^ 

4.  manufacturers  of  equipment,  lools  and  machinery  used 
in  the  shops 

5.  suppliers  of  materials  and  substances^used  in  the  shop 

6.  the  Occupational  Safety  and  Health  Administration  for 
hazard  information  from  'OSHA  inspections  of  industrial 
workplaces  similar  to  those  in  "the  industrial/vocational 
education  shop 

7.  the  National  Institute  for  Occupational  Safety  and  Health 
(NIOSH)  for  safety  and  heaith  hazard  information  pre- 
pared for  industrial  work  activities  and  facilities  that  are 
similar  to  those  in  the  industrial/vocational  shop. 

Another  source  for  Requiring  hazard  information  is  collected 
data  from  all  school  shop  facility  inspections.  Reports  from 
facility  inspections  conducted  by  local,  .state  or  federal  enforce- 
ment organizations  .also  should  be  carefully  examined.  Specific 
Isolations  or  problem  areas  will  add  additional  information  to  the 
hazard  data  bank.  In  addition^  it  will  be  helpful  to  acquire  OSHA 
compliance  information,  which  describes  violations  in  industrial 
settings  that  may  appear  in  the  school  shop  setting  as  well. 

Hazard  information  also  Kjan  be  obtained  from  accident  reports. 
Information  concerning  the  cause  of  z  particular  injury,  illness  or 
fatality  often  will  reveal  hazards  which  require  control.  Close 
review  of  accident  reports  ajso  will  identify  the  individuals  and 
specific  operations  involved,  th^'shop  or  section  of  a  shop  where 
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the  accident  occurred,  the  extent  df- supervision,  and  possibly 
deficiencies  in  knowledge  and  skill  on  the  part  of  the  injured. 

Another  avenue  available  for  acquiring  meaningful  hazard  informa- 
tion, as  well  as  a  thorough  knowledge  of  the  demands  of  a  par- 
ticular shop  task,  involves  the  use.^of  Shop  Operations  Hazard 
Analysis  (SOHA).  This  is  a  procedure  used  to  review  job  methods 
-andnincoverhazards-tiiatT— "^"-^  ^ —  


1.  may  have  been  overlooked^  the  layout  of  the  shop  or 
.    school  building  and  in  the  design  of  machinery,  equipment 

and  shop  operations  ^ 

2.  may  have  developed  after  the  shop  or  instructional  task 
had  been  instituted 

3.  may  exist  because  original  /procedures,  tasks,  etc.,  were 
modified. 

The  greatest  benei^t  of  SOHA  is  that  it  forces  those  conductmg 
the  analysis  to  view  each  operation  performed  in  the  shop  as  a 
system.  In  so  doing,  they,  are  able-to  assess  each  step  in  the  opera- 
tion  '^vhile  considering  the  relationship  between  steps  and  the 
'  interaction  between  students  and  equipment,  materials,  the  shop 
facility  and  other  students.  Other  benefits  qf  Shop  Operations 
Hazard  Analysis  include:  • 

1.  identifying  hazardous  conditions  and  potential  accidents 

2.  providing  information  with  which  effective  control  mea- 
sures can  be  established 

3.  deter^niijg  •the  level  of  Knowledge  and  skill  as  well  as 
the  physical  requirements  that  students  need  to  execute 
specific  shop  tasks 

4.  discovering  and  eliminating  unsafe  procedures,  techniques,' 
motions,  positions  and  actioas. 

Unit  4  will  be  devoted  jto  the  topic  of  Shop  Operations  Hazard  ^ 
Analysis  and  its  construc<^*^n,  evaluation  and  ultimate  use  as  a 
safety,  health  and  decision-making  tooUn  the  school  shop. 

The  second  aspect  of  Process  One  deals  with  ranking  discovered 
hazards  according  to  their  'potential  destructive  consequences. 
By  judging  hazards  according  to  established  criteria  for  hazard 
evaluation,  -we  are  able  to  specify  which  hazardous  conditions 
warrant  immediate  action,  which  can  take  secondary  priority,  and 
which  can  be  addressed  in  the  future. 
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^  FOURTH 
CJonduct  Hazard  Analysis 

Definition  of  Shop  Operations 
Hazard  "Analysis 

f 


Values  of  Shop  Operations 
Hazards  Analysis: 

Viewing  Each  Operation  as 
Part  .of  System 


Identifying  Hazardous 
Conditions 

< 

ftroviding  In|ormation  for 

Conlrol  Measures 

I 

Determining  Level  of  Knowl- 
edge snd  Skill  and  Physical 
Requirements 

Discovering  and  Eliminating 
Un'^e  Procedures 


RANKING  HAZARDS 
ACCORDING  TO 
POTENTIAL  DESTRUCTIVE 
CONSEQUENCES 

Criteria  Required  to  Judge 
Hazards 


f 
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Hazard  Evaluation  Scheme 


Catastrophic  Hazard 
Critical  Hazard 
Marginal  Elazard 
NegU^Ie  Hazard 


J' 


ESTIMATING  HAZARD 
PROBABILITY 


Probability  Estimate  Criteria 


^Sununary.  of  First  Process 
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Without  such  a  system,  there  can  be  no  consistent  guide  for  cor- 
rective action.  Even  worse,  if  time  is  not  take^to  rank  hazards  on 
a  "worst  urst"  basis,  efforts  and  resources  dbulj^  be  directed 
toward  problems  of  lower  consequence *while  those  with  greater 
dfestructive  potential  are  overlooked.  The  following  scheme  is 
suggested  for  hazard  evaluation:  , 


HAZARD 

CONSEQUENCE 

CATEGORY 


EXPLANATION 


I.  Cdtastrophic 
Hazard 

II.  Critical 
Hazard 

III.  Marginal 
Hazard 

IV.  Negligible 

.    Hazard  ^ 


'  The  hazard  is  capable  of  causing  death,  pos- 
sible multiple  deaths,  widespread  occupa- 
tional '  illnesses  and  loss  of  shop  facilities. 

^ 

The  hazard  can  result  in  death,  injury,  serious 
illness  and  property  and  equipment  damage  if 

not  corrected  as  soon  as  possible, 

•  » 

The  hazard  can  causa  injury,  illness  and 
equipment  damage,  but  the  injury,  illness  and 
equipment  damage  would  not  be  serious. 

The  hazard  will  not  Result  in  a  serious  injurj^ 
or  illness.  The  potential  for  the  hazard  causing 
damage  beyond  a  ininor  first'  aid  case  is 
extremely  remote  J 


Once  the  hazards  uncoyered  in  the  shop  have  been  ranked  accord- 
.mg  to  their  potential  destructive  consequences,  the  next  step  is  to 
estimate  the  probability  of  the  hazard  resulting  in  an  accident 
situation.  Probability  estimates  should  be  made  on  the  following 
,  qualitative  scale. 

HAZARD  PROBABILITY  CATEGORY  ^ 
(Qualitative  Estimate) 

A  —  Probable  ^. 

B—  Reasohably  Piobable ' 

C—  Remote 

D  —  Extremely  Remote 

When  the  hazards  have  been  ranked  according  to  both  sets  of 
criteria,  it  is  easy  to  determine  where  action  is  mandated.  A 
hazard  rated  lA,  for  example,  demands  corrective  action  before  a 
hazard  with  a  rating  of  ID, 

In  summary,  the  goal  of  the  first  process  in  an  effective  hazard 
control  program  is  to  acguire  information  about  as  many  hazards 
associated  with  shop  operations  as  possible.  Once  this  is  uccom- 
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plished,  the  next  step  is  to  arrange  the  hazards  on  a  worst-first 
basiso  Under  such  a  system,  efforts  can  be  directed  toward 
correctiiig  pro|)lems  with  the  most-.-s^ous  consequences  and 
the  highest  probability  of  occurrence,  while  leaving  other  hazards 
to  be  corrected  at  a  later  date 


The  second  process  Livolves  providing  school  administrators  with 
full  and  accurate  information,  including -all  alternatives  at  their 
disposal,  so  that  they  can  make  intefligent,  informed  decisions 
concerning  hazard  Control.  Such  alternatives  will  include  recom- 
mendations for  student  training  and  education,  the  need  for 
better  iifetructional  methods  and  procedures,  equipment  repair  or 
replacement  and  shop  environmental  controls.  This  information 
must  be  presented  to  school  administrators  in  a  form  that  makes 
clear  what  actions  are  required  to  improve  conditions.  It  is  criti- 
cally important  that  the  person  who  reports  hazard  information 
does  so  in  a  way  that  promotes  rather  flian  hinders  action. 

Once  school  administrators  receive  hazard  reports  from  safety 
comniittees,  instructorsr  etc.,  they  normally  have,  three  alterna- 
tives: 

1.  /  They  can  choose  to  take  no  action. 

2.  -  They  can  modify  the  shop  workplace,  methods,  proced- 

ures, etc. 

3.  They  can'  redesign  the  shop  workplace  or  its  components. 


\  When  school  administrators  choose  to  take  no,  positive  stegfe  to 
correct  hazards  uncoypred  in  «ie  industrial/vocational  educahon 
shop,  it  usually  is  because  cf  o;ie  of  three  reasons:  ^ 


1.  Their  hands  are  tied  because  of  staff,  scheduling  or  eco- 
nomic, problems,  and  they  cannot  take  the  action  which  is 
required. 

2.  They  are  presented  with  alternatives  which  are  not  really 
alternatives  at  all,  receiving  only  the  best  and  most  costly 
solutions  with  no  intermediate  plans  to  choose  from, 

3.  They  are  not  aware  of  the  need  for  and  the  purposes  of 
hazard  control  as  an  integral  part  of  the  industrial/voca- 
tional education  process  and  thus  do  not  consider  it  to  be 
of  much  importance. 

When  school  administrators  choose  to  modify  the  shop  work- 
places, instructional  methods,  etc.,  they  do  so  with  the  idea  that 
their  programs  are  generally  acceptable  but  that,  with  the  reported 
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PROCESS  TWO: 
ADMINISTRATIVE 
DECISION  MAKING 


Three  Alternatives 
for  Administrators 


OPTIONI  — No  Action 
OPTION  II —  Modify 

OPTION  III -Redesign^ 
Breakdown  of  Options: 
OPTION  I -No  Action 


OPTION  II -Modify 
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/ 


OPTION  ni  —  Redesign 


Fonnats  for  Decision  Making 


Form  A 


ERIC 


deficiencies  corrected,  their  programs*  performance  will  be  im- 
proved. Among  examples  of  modification  alternatives  are: 

1.  the  acquisition  of  machine  guards 

2.  the  acquisition  of  personal  protective  equipment 

3.  the  acquisition  of  ground-fault  circuit  interrupters  to^ 
prevent  electrical  shock 

4.  a  change  in  instructional  technique 

5.  decreasing  the  lubricating  intervals  for  machines  and 
equipment  * 

6.  isolating  hazardous  materials  and  processes 

7.  replacing  hazardous  materials  and  processes  with  non-  or 
at  least  less  hazardous  ones 

8.  purchasing  tools  with  adequate  grounding  systems. 

Although  redesign  is  not. a  popular  alternative,  it  is  son^times 
necessary.  When  redesign  is  selected,  school  administrators  must 
keep  in  mind  that  they  are  going  to  have  to  deal  with  certain 
problems.  One  problem  is  that  redesign  usually  involves  substantial 
cash  outlay  and*  inconvenience.  Let  us  say  that  the  air  quality  in 
a  shop  is  found  to  be  below  acceptable  standards.  The  only  way 
to  correct  this  situation  irf  to  completely  redesign  and  install  the 
school's  general  ventilation  system.  The  problems  of  cost  and  in- 
convenience are  obvious. 

Another  problem  that  should  be  anticipated  is  the  distinct  possi- 
bility that  the  new  design  may  contain  hazards  of  its  own.  For  this 
reason,  whenever  redesign  is  offered  as  an  alternative,  those 
making  such  a  recommendation  must  establish  and  execute  a 
plan  to  detect  problems  in  their  early  stages  and  eliminate  or 
reduce  thiem  before  they  present,  hazardous  conditions. 

One  way  to  expedite  decision  making  regarding  actions  for  hazard 
control  is  to  present  findings  in  such  a  manner  that  administrators 
can  clearly  understand  the  nature  of  the  hazards,  their  location, 
their  importance,  the  necft&ary  corrective  action  ^d  the  esti- 
mated cost. 

Form  A  (Table  1),  Record  of  Safety  and  Health  Deficiencies  in 
Industrial/Vocational  Education  School  Shops,  illustrates  one 
approach  for  recording  displaymg  hazard  information  for 
decisionmaking,  ^ 
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FORMA  ,  TABLE  1 

RECOrtD  OF  SAFETY  AND  OCCUPATIONAL  HEALTH  DEFICIENCIES  IN  INDUSTRIAL/VOCATlbNAL  EDUCATION  SHOP 


Shop  Name  Machine  Shop  .  ^  , 

— "  » —  J.  Smith.  Shop  Committer  Chairman 

,  Inspector.  Title 


Deficiency 
No. 

Date 
Recorde<^ 

Description 
of  Hazardous 
Condition 

Specific  « 
Location 

Identification 
of  Acceptable 
Standard 

Hazarc: 
Rating 

Corrective 
Action 

Estimated  Costs 
Required  for 
Correction 

Date  Deficiency 
Corrected 

Resources 
Used  for 
Correction 

MS-1 

12/11/79 

Ungrqunded  Tools 
and  Equipment 

Throughout 
Shop 

OSHA:  Subpart  S 
National  Electrical 
Code,  Article  250; 
4S 

Conseq. 

Prob. 

See  Form  ? 

$5,000 

V 

1 

A 

1/9/80 

$4,900 

CO 
• 

< 

1 

1 

* 

^  r  t 
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FORMS 


TAbLE2% 

SPECIFICATIONS  FOR  CORRECTIVE  ACTION 


CO 

f 

M 
O 


Shop  Name  , 


Machine  Shop 


Deficiency 
No. 


MS-1 


Date 
Recorded 


1?/11/79 


Description  - 
of  Hazardous 
Condition 


Ungrounded 
Tools  and 
Equipment 


Hazard 
Rating 


Conseq.  Prob 


Issue/ 
Enforce 
Regulation 


Training 

and 
Education 


Modify 
Curricu* 
lum 


Improve 
Supervision 


Purchase 
Safety 
Equipment 


Purchase 
Materials 


Purchase 

Other 
Equipment 


Modify 
Methods 


Date*  Deficiency 
Corrected 


Resources 
Used  For 
Correction  ^ 


'1/9/80 


$4,900 
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Form  B  (Table  2),  Specifications  for  Corrective  Action,  enables 
the  decision  maker  to  see  where  action  needs  to  be  taken,  who 
may  be  involved  and  how  costs  are  incurred. 

In  summary,  the  purpose  behind  the  second  process  is  to  enable 
school  administrators  to  make  informed  decisions,  in  order  to 
up^de  their  school  shop  operations  and  instructional  methods 
while  reducing  accidents,  injuries  and  other  undesirable  situations. 

After  hazards  have  been  identified  and  evaluated  and  information 
for  informed  decisions  has  been  provided,  the  next  process  in- 
volves the  actual  installation  of  control  measures.  Before  instal- 
lation of  controls  takes  place,  it  is  essential  that  those  involved  in 
safety  and  health  activities  understand  how  hazards  are.controlled. 
The  figure  below  illustrates  the  three  major  areas  where  we  can 
either  eliminate  or  control  hazardous  conditions.^ 


««^=^.  ^^OURC 


PATH 


 W  RECEIVER) 


The  first  and  perhaps  best  control  alternative  is  to  attack  a  hazard 
at  its  source  by  substituting  a  less  harmful  agent  for  the  one  caus- 
ing the  problen^.  For  example,  if  the  safety  and  health  committee 
finds  that  a  solvent  used  in  the  cabihetmaking  shop  is  highly  t05^ic 
and  flammable,  the  first  step  is  to  determine  whether  the  haz- 
ardous substance  can  be  exchanged  for  one  which  is  nontoxic, 
nonflammable  and  capable  of  doing  the  job.  Should  tl\e  com- 
mittee not  be  able  to  locate  a  nonhazardous  substance\vhich 
meets  these  criteria,  then  it  must  look  for  a  less  toxic,  less  flain- 
mable  substance  and- employ  additional  safeguards. 

The  second  alternative  is  to  Qontrol  the  path  of  the  hazard  by 
erecting  a  barricade  between  the  hazard  and  the  students.  Exam- 
ples of  such  engineering  controls  are: 

1.  machine  guards,  which  prevent  a  student's  hands  txpm 
making  contact  with  the  table  Ww  blade 

2.  protective  curtains,  which  prevent  student  contact  with 
welding  lights 

«• 

3.  a  local  exhaust  system,  which  removes  toxi<;  vapors  from 
the  breathing  zone. 
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Summary  of  Process  Two 


PROCESS  THREE: 
INSTITUTING  PREVENTIVE 
AND  CORRECTIVE 
MEASURES 


Control  Model 


Control  Alternative  I: 
Source 

Substitution 


Control  Alternative  2: 
Path 

Barricading 


0 
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Control  Alternative  3: 
Receiver 

Remove  Student  from  Hazard 


Personal  Protective  Equipment 


PROCESS  FOUR: 
SAFETY  AND  HEALTH 
INSPECTIONS 

Why  Inspections? 


ERIC 


The  third  alternative  is  to  direct  control  efforts  at  the  receivers, 
the  students.  This  can  be  accomplished  by:      '    .    *  * 

1.  removing  the  student  from  the  hazardous  "^situation  by 
employing  automated  or  remote  control  options  (auto- 
matic feeding  devices  on  planers,  shapers,  etc.) 

2.  providing  personal  protective  equipment  when  all  options 
have  been  exhausted  and  it  is  determined  that  the  hazard 
does  not  lend  itself  to  correction  through  substitution  or 
engineering  redesign* 

Protective  equipment  may  be  selected  for  use  in  the  school  shop  in 
two  instances.  The  fir|t  is  when  there  is  no  immediately  feasible 
way  to  control  the  hazard  by  more  effective  means.  The  second  is 
when  it  is  employed  as  a  temporary  measure,  while  more  effec- 
tive solutions  are  being  installed. 

There  are,  however,  major  shortcomings  associated  with  the  use  of 
personal  protective  equipment: 

1.  Nothing  has  been  done  to  eliminate  or  reduce  the  hazard 
from  the  shop  setting. 

2.  If  the  protective  equipment  (glove,  eye  shield,  etc.)  fails- 
for  any  reason,  the  student  is  exposed  to  the  full  destruc- 
tive effects  of  the  hazard. 

3.  The  protective  equipment  may  be  cumbersome  and  inter- 
fere with  the  student's  ability  to  perform  a  task. 

The  fourth  process  in  our  hazard  control  program  deals  with  the 
inspection  or  monitoring  of  activities  in  order  to  locate  new 
hazards  and  assess  the  effectiveness  of  existing  controls. 

It  is  necessary  to  provide  safety  and  health  inspections  in  ixidus- 
trial/vocational  education  shops  for  the  following  reasons: 

1.  to  provide  assurance  that  hazard  controls  are  working 
properly 

2.  to  make  sure  that  modifications  have  nit  so  altered  the 


workplace  that  hazard  controls  can  no 
adequately  • 

3.  to  discover  hazards  which  are  new  oi 
detected. 


longer  function 
ously  un- 
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The  safety  and  health  inspeclio^i  process  will  be  discussed  in  detail 
in  Unit  7  of  this  course. 

The  fifth  element  in  our  proipram  dealb  with  evaluating  the  effec- 
tiveness of  efforts  to  improve  the  overall  quality  of  safety  and 
health  within  Uie  school.  When  administrators  are  dealing  with 
program  evaluation,  they  bhould  answer  the  following  questions. 

1.  How  much  is  being  spent  to  locate  and  control  hazards  in 
industrial/vocational  education  shops? 

2.  What  benefits  are  being  received? 

3.  What  impact  are  the  benefits  having  on  unproving  the 
overall  shop  educational  process? 

Among  the  criteria  which  may  assist  school  admmistrators  in 
determining  the  effectiveness  of  their  safety  and  health  program 
effort  are: 

1.  number  of  injuries  to  students  compaied  with  shop 
exposure  hours 

2,  cost  of  medical  care  _   _  .   

3.  material  damage  costs 

4.  facility  damage  costs 

5,  equipment  and  tooi  damage  or  replacement  costs 

6,  number  of  days  lost  by  instructors  and  students  from 
accidents. 

!n  this  unit  we  have  seen  how  safety  and  health  hazards  can  be 
identified,  evaluated,  and  eliminated  or  controlled.  We  have 
described  the  five  essential  processes  of  hazard  control,  and  we 
can  now  examine  in  greater  deUiil  the  technique  known  as  Shop 
Operations  Hazard  Analysis.  ^ 

NOTES 

1.  For  a  more  thorough  discussion,  see  Robert  J>  Firenze,  The 
Process  of  Hazard  Control  (Dubuque:  Kendall/llunt,  1978), 
pp.  80-82. 

2.  Reprinted  with  permission  from  Robert  J.  Firenze,  Guide  to 
Occupational  Safety  and  Health  .\Iana8ement  (Dubuque: 
Kendall/Hunt,  1973),  p.  42. 
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PROCESS  FIVE: 
PROGRAM  EVALUATION 

Q^ucstions  To  Answer: 

How  Much  U  Spent? 


What  Are  the  'Benefits? 
What  Is  Impact  of  Benefits? 


Criteria  for  Measuring 
Effectiveness 


ERJC 
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•  \  Essential  Processes  in  Hazard  Control 

QUESTIONS  AND  ANSWERS 

1*  Name  the  five  processes  in  hazard  control 

The  five  processes  are: 

a.  hazard  identification  and  evaluation 

b.  administrative  decision  making 

c.  establishing  conective  and  preventive  measures 

d.  safety  and  health  inspections 

e.  evaluation  of  program  effectiv^ess. 


2.  Name  two  ways  of  locating  health  hazards. 


Any  two  from  among  the  following: 

a*  Interview  those  with  experience  in  shop  operations* 

b.  Examine  shop  inspection  reports. 

c.  Examine  shop  accident  reports. 

d.  Conduct  a  Shop  Operations  Hazard  Analysis 

 0  

3*  Why  must  hazards  be  judged  on  the  basis  of  their  consequences  and  probability  of  their 
occunence?  , 
<  ^  *  

Without  such  a  system,  there  can  be  no  consistent  guide  for  ^ 
conective  action.  Even  worse,  if  time  is  not  taken  to  rank 
hazards  on  a  'Vorst  first"  basis,  our  efforts  and  resources  might 
be  directed  toward  problems  of  lower  consequente  while  those 
with  greater  destructive  potential  are  overlooked. 
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4.  What  are  the  four  categories  of  hazard  consequence,  and  what  does  each  mean? 


I.   Catastrophic— possible  multiple  deaths,  widespread  occupa- 
tional illnesses,Joss  of  shop  facilities 

11.   Critical--death,  injury,  serious  illness  and  equipment  damage 

III.  Marginal-injijry,  illness  or  equipment  damage  would  not  be 
serious 

IV.  Negligible— little  potential  for  damage  beyond  that  requir- 
ing minor  first  aii. 

s 


5.  What  are  thfe  three  areas  w||ere  a  hazardous  condition  can  be  controlled? ' 

X 

a.  at  its  source 

;  b.  along  its  path 

c.  at  the  receiver. 


ERLC 
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^    UNIT  4 
SHOP  OPEaiATIONS  HAZARD  ANALYSIS 


METHODS 


PURPOSE 


OBJECTIVES 


SPECIAL  TERMS 


INSTRUCTOR 


TRAINEE 
MATERULS 


Lecture,  Demonstration,  Class  Participation 


LENGTH:  2  Hours 


To  introduce  and  demonstrate  the  use  of  hazard  analysis  as  a  method  for 
locKting  and.  controUuig  hazards  associated  with  industrial/vocational  school 
shop  curricula^  training  methods,  operations  and  procedures. , 


To  enable  the  participant  to: 

1*  Understand  the  purposes  and  uses  of  hazard  analysis 

2^  Understand  the  steps  required  to  set  up  and  conduct  a  hazard  analysis 

3.  Develop  solution  alternatives  from  hazard  analysis  information 

4.  Contribute  to  the  development  of  a  model  of  a  shop  operations  hazard 
#  analysis. 


1.  Shop  Operations  Hazard  Analysis 

2.  Process 

3.  Operation     t  •  . 

4.  Task 

5.  Triggering  Event 

6.  Flow  Diagram 

/ 

Overhead  Transparencies  of  Plow  Diagrams  and  Analyses  Formats 

Overhead  Projector 

35  mm  Slides  of  Operational  Steps 

Slide  Projector  and  Screen 

Chalk  Board/Chalk 


Participant  Outlines  and  OSHA  Formats 
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UNIT  4 

SHOP  OPERATIONS  HAZARD  ANALYSIS 


In  Unit  3  we  discussed  the  five  essential  processes  that  must  be 
present  in  order  to  reduce  or  cluninate  hazards  in  the  industrial/ 
vocational  education  setting.  In  this  unit  we  will  explore  a  tech- 
nique known  as  hazard  analysis,  which,  if  properly  employed, 
can  make  any  hazard  control  program  even  more  effective. 

Instructors  and  supervisors  acquire  knowledge  of  correct- and 
safe  methods  and  techniques  from  their  own  individual'  experi- 
mentation and  experience,  as  well  as  Irom  their  observation  of 
accidents  and  near-accidents  occurring  vidthin  the  school  shop. 
Naturally,  the  more^/^owledge  an  instructor  or  supervisor  ac- 
quires, the  better  his  instruction  and  overall  control  of  the  shop 
setting.  One  of  the  benefits  of  hazard  analysis  is  that  it  is  designed 
to  increase  a  participant's  knowledge  of  potential  hazards  asso- 
ciated with  various  shop  operations.  Hazard  analysis  is  a  tech- 
nique that  will: 

1.  improve  instructional  methods 

2.  provide  for  the  best  selection  and  placement  of  tools, 
equipment  and  machinery 

3.  increase  effectiveness  of  shop  processes,  operations  and 
t^ks 

4.  reduce  the  potential  for  accidents  and  injuries. 

*In  Unit  3  we  strewed  theimportanceof  acquiring  accurate  hazard 
information  and  communicating  such  information  so  that  its 
significance  is  understood  and  action  is  taken  tp  eliminate  or  at 
least  re^luce  hazards  in  the  shop  setting.  Hazard  analysis  has 
proven  itsi^^^  excellent  ^ol  in  facilitating  the  hazard  identifi- 
cation and  evaluation  prpcess. 


INTRODUCTION. 


How  Instructors  and  Super- 
visors Acquire  Knowledge  of 
Safe  and  Correct  Methods  and 
Technio'^es 


Benefits,  of  Hazard  Analysis 
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Genera)  UseJ;  of  Hazard 
Analysis 


Uncovering  Hazards  Which 
May  Have  Been  Overlooked 


Locating  Hazards  Which 
.*evelop  after  Operations 
Have  Started 

Determining  Essential  Opera-' 
tional  Requirements  and 
Student  Qualifications 


Reviewing  Curri  -jula 

Identifying  Educational  and 
Training  Needs 

•RESULTS OF  HAZARD 
ANALYSIS 
Modify  Operations 

• 

Produce  Information 
for  Establishing 
Effective  Controls 

Locate  and  Arrange  Equipment 
and  Machinery  Properly 


Identify  Situational  Hazards 


Identify  Human  Factors 
Identify  Exposure  Factors 


Identify  Physical  Factors 


Shop  Operations  Hazard  Analysis  (SOMA)  is.  an  adaptation  of 
hazard  analysis  commonly  used  in  industry.-'-  It  is  a  technique 
which  assists  instructors  and  supervisors  in; 

1.  uncovering  hazards  that  may  have  been  overlooked  in  the 
original  design  or  setup  of  a  particular  proc&,  pperation 
or  task  but  that  have  t}ie  potential*  to  cause  personal 
injury,  damage  to  tools,  machinery  or  equipment,  'and 
waste  of  materials 

2.  locating  hazards  that  may  have  developed  after  a  shop 
operation  or  task  was  instituted 

3.  determining  the  essential  factors  in  and  requirements  for 
specific  job  processes,  operations  and  tasks  and  the  student 
qualific^onS^quired  to  perform  work  in  a  safe  and 
pro^ffctive  manner 

4.  reviewing  curricula  and  training  and  educational  ap- 
proaches to  uncover  areas  which  warrant  improvement 

5.  identifying  educational  and  trainmg  aeeds  of  students. 
To  summarize,  hazard  analysis  can  be  used  to: 

1.  •  modify  shop  processes,  operations  and  tasks 

2.  produce  information  essential  in  establishing  effective 
control  measures  (adoption  of  procedural  changes,  special 
procedures,  safety  devices  such  as  machine  guards,  pro- 
tective equipment,  etc.) 

4 

3.  locate  and  arrange  equipment  and  machinery  so  thai 
students  and  instructors  will  not  be  exposed  to  unnec- 
essary hazards 

4.  identify  situational  hazards  (in  facilities,  equipment, 
tools,  materials  ana  operational  events) 

5.  identify  human  factors  responsible  for  accident  situations 
(student  capabilities,  activities,  limitations,  etc.) 

6.  identify  exposure  factors  that  contribute  to  injury  and 
illness  (contact  with  hazardous  substances,  materials  or 
physical  agents) 

7.  identify  physical  factors  that  contribute  to  accident 
situations  (noise,  vibration,  Insufficient  illumination,  etc.) 
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8.  detefraine  appropriate  inspection  methods .  and  mainte- 
nance standards  needed  for  safety. 

Usually  the  words.  **process,"  "operdtion"  and  **task"  are  used 
interchangeably.  In  the  language  of  hazard  analysis,  however- 
these  terms  have  specific  meanings. 

Process  means  all  operations  and  tasks  wliich  unite  human  effotv 
and*  physical  and  economic  resources  in  order  to  accomplish  a 
specific  purpose  (e.g.,  turning  roundstock  between  centers  on  a 
metal  lathe). 

Operation  means  a  major  step  in  the  overall  process  (e.g.,  sharpen- 
ing the  cutting  tool  for  use  in  turning  roundgtock  between  cenr 
ters). 

Task  means  a  sub-set  required  to  accomplish  an  operation  (e.g., 
placing  a  cutting  tool  in  a  holder  prior  to  sharpening  tool  on 
grinder). 

As  a  general  rule,  there  should  be  hazard  analysis  for  every  exist- 
ing and  new  process  and  operation  conducted  in  the  school  shop. 

A  hazard  analysis^  to  be  fully  effective  and  reliable,  should  repre- 
sent the  input  of  as  many  different  viewpoints  as  possible.  Every 
person  familiar  \\^th  a  process  or  operation  has  acquired  in^ighcs 
concerning  problems,  faults  and  situations  which  can  cause  acci- 
dents. These  insightj  need  to  be  recorded  along  with  those  of  the 
initiator  of  hazard  analysis 

In  addition  to  the  instructor,  wiio  will  initiate  the  analysis  of  shop' 
processes,  operations  and  tasks,  otiiers  are  in  a  position  to  give 
assistar^e.  Department  heads,  maintenance  personnel,  .and  mem- 
bers  of  the  school's  ^safety  and  health  committees  all  c<in  con- 
tribute valuable  infonnation.  The  instructor  or  supervisor  niay 
vant  to  contact  'foremen  and  journeymen  in  industry  to  share 
(heir  views  on  hazards  and  other  problems  associated  with  a 
.  specific  shop  process. 

Last  but  certainly  not  least  are  tlie  students.  There  are  three 
good  reasons  for  encouraging  student  participation  when  conduct^ 
>ng  hazard  analysis.  First,  students  may  have  observed  problems 
or  been  involve'  'in  near-mi5':es  which  can  shed  ligiit  on  a  haz- 
ardous situation  overlooked  by  everyone  else.  Second,  student 
involvement  in  the  analysis  process  reinforces  the  legitimacy  and 
importance  of  safety  and  health  ii,  the  shop,  helping  thf^  students 
to  see  where  hazards  exist  and  what  can  be  done  about  them. 


Determine  Appropriate 
inspection  and  Maintenance 
Standards 

KEY  DEFhllTIONS 


Process 


Operation 
Task 


WHO  SHOULD  PARTICI- 
PATE  IN  HAZARD 
ANALYSIS? 


Instructor 

Department  Heads,  Mamte- 
nance  Personnel,  Members  o^ 
Safety  and  Health  Committees 

Foremen  and  Journeymen 
in  Industry 

Students 
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SELECTING  THE  PRO- 
CESSES, OPERATIONS  AND 

TASKS  to:be  analyzed 


Frequency  of  Accidents 


Potential  for  Injury 


Severity  of  Injury 


New  or  Altered  Processes 
and  Operations 


Excessive  Material  Waste  or 
Tools  and  Equipment  Damage 


STEPS  IN  CONDUCTING 
A  HAZARD  ANALYSIS 


Such  knowledge  will  accompany  students  when  they  enter  indus- 
try. Finally,  students  are  more  likely  to  conform  to  procedures 
that  they  have  helped  to  develop. 

Many  processes,  operations  and  tasks  conducted  m  the  shop  are 
good  candidates  for  hazard  analysis  because  they  have  the  poten- 
tial to  cause  accident  situations.  Some,  however,  are  worthier 
candidates  than  others.  In  determining  which  processes,  operations 
and  tasks  receive  priority  for  analysis,  the  considerations  are: 

1.  Frequency  of  Accidents,  An  operation  or  task  that  has 
repeated  accidents  associated  with  its  performance  is  a 
good  candidate  for  analysis,  especiaUy  if  different  students 
have  the  same  kind  of  accident  while  performing  the 
same  operation  or  task, 

2.  Potential  for  Injury,  Some  processes  and  operations  may 
have  a  low  accident  frequency  but  a  high  potential  for 
major  injury;  e.g.,  tasks  on  the  grinder  jnducted  without 
the  use  of  a  tool  rest  or  tongue  guard. 

3.  Severity  of  Injury.^  A  particular  process,  operation  or 
task  may  have  a  history  of  serious  injuries  and  is  a  worthy 
candidate  for  analysis  even  if  the  frequency  of  such  in- 
juries is  low. 

4.  New  or  Altered  Processes  and  Operations,  As  a  general 
rule,  whenever  a  new  process,  operation  or  task  is  created 
cr  an  old  one  altered  because  of  machinery  or  equipment ' 
changes,  etc.,  a  hazard  analysis  should  be  conducted.  For 
maximum  benefits  the  hazard  analysis  should  be  done 
while  the  process  or  operation  is  in  the  planning  stages. 

5.  Excessive  Material  Waste  or  Damage  to  Equipment  Pro- 
cesses or  operations*" which  produce  excessive  material 
waste  and/or  damage  to  tools  and  equipment  are  candi- 
dates for  hazard  analysis.  The  same  problems  which  are 
causing  excessive  waste  and  damage  may  be  the  ones  which 
could,  given  the  right  situation,  cause  injuries. 

Once  the  processes  have  been  identified  for  analysis,  the  following 
steps  are  taken: 

1.  The  process  is  broken  down  into  its  operations  and  tasks. 

2.  An  analysis  format  is  devised  or  acquired. 

3.  Potential  hazards  are  identified. 
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^2 


4.   Recommendations  for  safe  operations  are  developed. 


Before  the  search  for  hazards  begins,  a  process  must  be  broken 
down  into  a  sequence  of  major  operations  and  tasks,  each  de- 
scribing what  is  being  done. 

In  performing  the  first  step,  two  errors  are  commonly  made.  One 
is  breaking  the  process  down  into  an  overly  detailed  and  unnec- 
essarily large  number  of  tasks.  The  result  is  an  analysis  so  cumber- 
some that  its  major  benefits  are  lost. 

• 

The  sec6nd  common  error  is  making  tfie  operational  breakdown  so 
general  that,  important  steps  are  not  recorded.  Consequently, 
hazards  associated  with  these  steps  remain  hidden  and  adequate 
control  measures  cannot  be  identified.  ' 

In  breaking  a  process  dovm,  the  instructor* or  supervisor  needs  to 
determine  what  operation  comes  first  in  the  overall  process,  what 
major  operations  follow  and  what  major  tasks  complete  the 
operation.  In  defining  the  major  operations  and  tasks  for  a  par- 
ticular process,  the  instructor  or  supervisor  will  find  his  job 
easier  if  he  records  his  thinking  process  on  paper  in  the  form  of  a 
flow  diagram. 

Figures  1  and  6  in  the  Appendix  illustrate  complete  flow  diagrams 
of  two  operations,  "Drilling  Stock"  and  "Dressing  the  Grinding 
Wheel."  In  constructing  these  flow  diagrams,  the  analyst  concen- 
trated on  recording  the  important  tasks  which  the  operation  de- 
mands. 

Flow  diagrams  can  be  made  readily  by  using  various  symbols 
which  define  what  is  taking  place  throughout  the  flow  of  opera- 
tions and  tasks.  The  following  symbols  are  most  commonly  used 
in  industrial  engineering. 


TASK  SYMBOLS: 


PROCESS 


Example 
Turning  between 
centers 


O 


Operatjonal  Step 


Inspection  Step 


o 


OPERATION  <;^Pacio(|-Hen(Jsof 
the  workjuece  ^ 


A 


Inspectjon/Oporation  Step 


Transfer  Oocrat-ori 


TernainaMoM 


STEP  ONE: 
BREAKING  PROCESS 

'  DOWN  INTO  ITS  OPERA- 
TIONS AND  TASKS  ' 

Don't  Be  Excessively  Detailed 


Don^t  Re  Too  General 


Instructor  Note: 
Instructor  uses  visual  aid  of  a 
flow  diagram. 


Symbols  for  Flow  Diagram 
Construction 
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STEP  TWO: 
ACQUIRE  HAZARD 
ANALYSIS  FORMAT 


Sections  of  Format 


As  the  analyst  is  working  his  way  through  a  hazard  analysis,  he 
will  find  it  practical  to  record  his  information  on  a  format  de- 
signed to  maintain  consistency,  clarity  and  logic. 

Table  3,  **Shop  Operations  Hazard  Analysis  Format,"  has  been 
devised  to  assist  fhe  instructor  and  supervisor  in  recording  im- 
portant informatioa  pertinent  to  the  analysis.  The  analysis  format 
is  divided  into  ten  isections,  each  reserved  for  specific  information: 

1.  Process/Equipment  (e.g.,  turning  between  centers/machine 
lathe) 

2.  Major  Operations—  operations  required  to  complete  the 
process  (e.g.,  sharpening  cutting  tools) 

3.  Task — student  activities  required  to  complete  an  opera- 
tion (e.g.,  starting  the  grinder) 

4.  Potential  ifazard—situation  which,  when  triggered  by 
factors  in  the  shop  setting,  has  the  potential  to  cause  an 
accident  (e.g„  grinder  tool  rest  adjusted  more  than  1/8"  or 
3  mm.  from  wheel) 

5.  Condition  Triggering  Hazard  into  an  Accident'-conditions 
brought  about  by  human  error,  situational  or  environ- 
mental factors  which  cause  a  hazardous  situation  to 
result  in  ah  accident  situation  (e.g.,  cutting  tool  holder 
getting  caught  between  abrasive  wheel  and  tool  rest) 

6.  Hazard  Consequence  Classification— ussessment  of  haz- 
ardous consequence  (see  previous  unit): 

I  —  Catastrophic 

II  -  Critical 

III  ~-  Marginal 

IV  Negligible 

7.  Hazard  Probability  Category— assessment  of  the  proba- 
bility of  hazard  resulting  in  an  accident  situation  (see 
previous  unit): 

A  —  Probable 

B  —  Reasonably  Probable 

C-—  Remote 

D  —  Extremely  Remote 

8.  Shop  Procedural  Requirements—Actions  to  be  taken  to 
eliminate  or  reduce  hazards  in  ihe  shop  (e.g.,  tool  rests  are 
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TABLE  3 

SHOP  OPERATIONS  HAZARD  ANALYSIS  FORMAT 


t 


PRJCESS^ 

MAJOR 
OPERATIONS 

TASK 

POTENTIAL 
HAZARD 

CONDITIONS 
TRIGGERING 
HAZARD  INTO 
ACCIDENT 

HAZ 
CL 

H>^Z 
PROB 

SHOP  PROCEDURAL 
REQUIREMENTS 

SAFETY  & 
PPE  REG 

SPECIAL 
INSTRUCTION^ 

■ 

f 

f 

• 

\ 

i 
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STEP  THREE:  . 
IDENTIFY  HAZARDS 
AND  POTENTIAL 
ACCIDENTS 


Accident  Causes: 


Inadequate  Instruction  and 
Inspection 


to  be  adjusted  to  no  more  than  1/8"  or  3  mm.  from  the 
abrasive  wheel) 

9.  Safety  and  Personal  Protective  Equipment  Requirements 
—necessary  items  required  to  reduce  the  possibility  of 
injuries  and  illnesses  while  performing  shop  operations 
and  tasks  (e,g.,  eye  and  face  protection,  sleeves  rolled  up, 
ringsremoved)  ^  , 

10.  Special  /nsfruct/ons— special  procedures  or  actions  re- 
quired to  ensure  safety  and  health  in  the  shop  (e.g., 
unbalanced  and  wobbly  grinder  wheel  must  be  reported  to 
instructor). 

After  selecting  the  process  or  operation  worthy  of  analysis, 
breaking  the  process  down  into  operations  and  tasks,  and  obtain- 
ing an  analysis  format  for  recording  information  acquired  during 
the  analysis,  the  analyst  is  now  ready  to  identify  the  potential 
hazards  and  conditions  which  trigger,  the  hazard  ir^to  an  accident 
situation. 

Potential  hazards  not  only  will  be  associated  with  human,  situa- 
tional and  environmental  factors  but  also  will  be  associa*^  with 
the  process,  operations  and  tasks  under  examination.  For  each 
of  the  tasks  identified,  the  analyst  needs  to  ask  the  following 
questions:  ' 

1.  Is  there  a*  danger  of  striking  against,  being  struck  by,  or 
otherwise  making  injurious  contact  with  an  object? 

2.  Can  the  student  be  caught  in,  on,  or  between  the  object? 

3.  Can  he  slip  or  trip?  Can  he  fall  on  the  same  level  or  to 
another? 

4.  Can  he  strain  himself  by  pi|shing,  pulling  or  lifting? 

5.  Is  the  enviromnent  hazardous  (noise,  heat,  cold,  toxic  gas, 
fumes,  vapor,  mist,  dust)?^  % 

To  assist  tlie  analyst  in  identifying  hazards  associated  vnth  a 
particular  operation  or  task,  a  review  of  the  following  list  of  the 
more  basic  causes  of  accidents  can  be  of  value: 

1.  failure  to  give  necessary  instruction,  giving  incorrect 
instructions,  inspections  not  made  according  to  an  ac- 
ceptable schedule 
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2.  failure  of  person  in  charge  to  properly  plan  or  supervise 
operations  and  tasks 

3.  failure  to  plan  or  establish  safe  work  practices 

4.  use  of  unsafe  methods 

5.  inexperienced  or  unskilled  students  working  beyond  their 
capabilities 

6.  failure  to  maintain  order  and  discipline  in  the  shop  ^ 

7.  failure  to  enforce  safety  and  health  rules  and  regulations 

8.  improper  design,  construction  or  layout  of  equipment, 
tools  and  machinery 

9.  unsafe  housekeeping,  poor  ventilation,  inadequate  lighting, 
etc. 

10.  protective  devices  not  provided  or  proper  equipment  and 
tools  not  provided 

11.  failure  to  maintain  tools,  equipment  and  machines 

12.  instructions  not  followed 

13.  equipment  or  safety  devices  not  properly  inspected  or 
maintained 

14.  failure  to  use  protective  devices  which  have  beea  provided 

^  15.  students  using  protective  devices  with  defects  or  incapable 
of  providing  sufficient  protection. 

Once  the  hazards  have  been  identified  to  the  extent  that  knowl- 
edge and  experience  allows,  the  analyst  must  devote  his  attention 
to  hazard  control  strategies.  In  this  approach  the  analyst  con- 
siders all  possibilities  to  eliminate  the  potentially  hazardous  situa- 
tion from  occurring.  Possibilities  include  changing  tools  and  equip- 
ment or  substituting  less  toxic  materials  for  hazardous  ones. 

The  second  general  approach  to  controlling  the  destructive  effects 
of  hazards  uncovered  during  analysis  is  to  reduce  the  possibility 
of  an  injury  if  an  accident  does  occur.  For  example,  if  the'poten- 
tial  of  a  grinding  whee).  exploding  exists,  then  action  must  be 
taken  to  protect  the  student  from  injury  by  installing  a  shield  or 
guard.  Another  alternative  might  be  to  decrease  exposure  to  the 


Failure  to  Supervise 

Failure  to  Establish  Safe 
Work  Practices 
Unsafe  Methods 

Inexperience 

Failure  to  Maintain  Order 
and  Discipline 
Failure  to  Enforce  Rules 
and  Regulations 
Improper  Design,  Construc- 
tion and  Layout 

Unsafe  Housekeeping,  Ven- 
tilation, Lighting,  etc. 

,  Protective  Devices  or  Proper 
Equipment  and  Tools  Not 
Provided- 
Failure  to  Maintain  Tools 
and  Equipment 
Instructions  Not  Followed 

Not  Properly  Inspecting  and 
Maintaining  Equipment  or 
Safety  Devices 
Failure  to  Use  PPE 

Using  Defective  Safety  Devices 


Controlling  Destructive 
Effects  of  Hazards 
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Instructor  Note: 


At  this  point  the  instructor 
refers  to  the  Appendix  for 
instructions  on  using  a  com- 
pleted hazard  analysis 
format. 

After  completing  those 
instructions,  the  instruc- 
tor finishes  the  unit  by 
.  reviewing  how  the  results  of 
hazard  analysis  can  be  used 
to  upgrade  overall  shop 
processes,  operations  and 
tasks. 

STEP  FOUR:  ' 
DEVELOP  SOLUTIONS 


A  New  Operational  Method 


Change  in  Physical/Environ- 
mental Conditions 


Changes  in  Tasks 


hazard  by  removing  from  the  path  of  the  hazard  those  students 
who  are  not  required  to  there  to  perforin  a  task.  Personal  pro- 
tective equipment  is  selected  either  as  a  last  alternative  or  as  a 
secondary  protection  to  bo  used  along  with  machine  guards,  etc. 


The  final  step  in  the  hazard  analysis  process  is  to  develop  recom- 
mendations for  safe  operations  and  work  tasks  to  prevent  the. 
occurrence  of  accidents.  The  principal  solutions  are: 

1.  Find  a  new  way  to  perform  the  operation  or  task. 

2.  Remove  or  alter  the  physical  and  environmental  co.nditions 
that  create  the  hazards. 


3.  Change  procedures.'^ 


To  find  an  entirely  new  way  to  perform  an  operation  or  task,  it 
is  necessary  to  determine  the  objective  of  the  operation  and  then 
analyze  the  various  ways  of  reaching  this  goal  to  see  which  way  is 
safest. 

If  a  new  way  cannot  be  found  for  the  operation  or  task,  then  this 
question  should  be  asked.  What  change  in  physical  conditions 
(e.g.,  tools,  materials,  equipment,  location)  or  environmental  con- 
ditions (e.g.,. noise,  ventilation  systems)  will  eliminate  the  hazard 
or  prevent  the  accident? 

The  third  solution  in  elimihating  or  reducing  hazards  in  the  school 
shop  is  to  investigate  changes  in  the  tasks  each  student  must 
perform  to  complete  an  operation.  The  analyst  should  determine: 

•    what  the  student  can  do  to  eliminace  the  hazard  or  prevent 
a  [)otential  accident 
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•    how  the  student  should  do  it. 

Instnictions  must  be  specific  and  concrete  if  new  procedures  and 
work  tasks  are  to  be  effective.  Vague  precautions  such  as  "be 
careful/'  "don^t  niake  rn«stakes,''  ''do  what  you  are  told/'  are  use- 
.  less.  Instructions  should  state  olearly  what  to  do  and  how  to  dojt, 
using  such  action  words  as  "remove,"  "adjust/'  and  "insert." 
Sometimes  instructions  \vill  call  attention  to  potential*  malfunc- 
tions or  hazards;  e.g.",  -'remove  small  chips  with  brush  instead  of 
with  hands." 

Suppose  the  hazardous  situation  in  question  concerns  the  possi- 
bility that  a  student  may  be  injured  while  sharpening  a  tool  on  the 
grinder  because  the  tool  rest  is  not  adjusted  properly.  What  spe- 
cific directions  should  be  giVen  to  reduce  the  possibility  of  an 
accident? 

Recommendation  1/:  "Make  certain  that  the  cutting  tool  does  not 
get  pulled  down  ^to  the  space  between  tiio  tool  rest  and  the 
abrasive  wheel.  "/iThis  recommendation  is  a  poor  one.  It  does  not 
tell  the  studen^^what  to  do  to  prevent  the  cutting  tool  from  being 
caught  in  the  space  between  the  tool  rest  and  the  wheel. 

I 

Recommendation  2:  "Before  sharpening  a  cutting  tool  on  the 
grinder,  be  sure  to  adjust  the  tool  rest  to  within  1/8"  or  3  mm.  of 
the  abrasive  wheel  and  maintain  this  distance  by  adjusting  the 
-tool  rest  as  the  wheel  wears  down."  This  recommendation  is  much 
better.  It  tells  wliat  to  do  and  specifies  how  to  do  it. 

With  the  techniques  of  hazard  analysis,  the  industrial/vocational 
education  instructor  and  supervisor  can  create  a  more  effective, 
thorough  safety  and  health  program. 

NOTES 

1.  A  good  introduction  to  hazard  analysL;  is  ^'Evaluation  and 
Control  of  Workplace  Accident  Potential,'  NIOSH,  January' 
1978, 

2.  The  hazard  analysis  technique  described  in  the  following  pages 
was  developed  and  tested  by  lUF  Associates,  Inc.,  in  1969.' 

3.  See  Accident  Prevention  Manual  for  Industrial  Operations, 
7th  ed.  (Chicago:  National  Safety  Council,  1974),  p.  114. 

4.  Accident  Prevention  Manual,  p.  114.  The  chapter  "Removing 
the  Hazard  from  the  Job"  (pp.  104-120)  gives  helpful  in- 
formation for  accomplishing  Step  4  in  the  hazard  analysis 
process. 


Instructions  Must  Be  Specific 
and  Realistic 


Example 
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QUESTIONS  AND  ANSWERS 


1.  What  is  hazard  analysis? 


Hazard  analysis  is  a  technique  designed  to  increase  a  partici- 
p.  nt's  knowledge  of  potential  hazards  associated  with  various 
shop  operations  in  order  to: 

a.  improve  instructional  methods  ^ 

b.  provide  for  the  best  selection  and  placement*  of  tools, 
equipment  and  machinery 

c.  increase  effectiveness  of  shop  processes,  operations  and 
tasks 

d.  reduce  the  potential  for  accidents  and  injuries.  - 


2. '  Name  three  primary  uses  of  the  hazard  analysis  technique. 


Shop  Operations  Hazard  Analysis  is  a  technique  which  assists 
instructors  and  supervisors  in  (any  three  from  among  the, 
following):  / 

/' 

a.  ^  uncovering  hazards  which  ma^'  have  been  o^erfooked 

b.  locating  hazards  which  develop  after  operations  have 
started  ^ 

c.  determining  essential  requirements  and  student  qualifica- 
tions for  specific  operations 

d.  reviewing  cunicula  and  training  and  educational  approach- 
es to  uncover  areas  which  warrant  improvement 

e.  identifying  educational  and  training  needs  of  stucents, 

/ 
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3.  Name  three  factors  determining  which  processes  and  operations  ate  candidatea  for 

hazard  analysis. 

Any  three  from  among  the  following: 

a.  frequency  of  accidents 

b.  potential  for  injury 

c.  severity  of  injury  '  . 

d.  new  or  altered  processes  and  operations 

e.  excessive  material  waste  or  damage  to  cools  and  equipment* 

> 

4.  What  are  the  four  processes  in  hazard  control?  ^ 

a.  Break  down  the  process  into  its  operatiom  and  tasks*  < 

b.  Devise  or  acquire  a  hazard  analysis  format 

c.  Identify  potential  hazards. 

d.  Develop  recommendations  .or  $afe  operations. 


5.  What  are  three  ways  to  prevent  accidents  from  recuning? 


a.  Find  a  new  way  to  perform  the  operation  or  task. 

b.  Remove  or  alter  the  physical  and  environmental  condi- 
tions  that  create  the  hazard. 
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c.   Change  procedures. 
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APPENDIX 

Instructor  Note:  USING  A  COMPLETED  HAZARD  ANALYSIS  FORMAT 


Figure  1.  "Drilling  and  Counttx^king  Stock  on  Drill  Press" 
Hazard  Analysis  Flow  Diagram 

Table  4.  "Drilling  and  Countersinking  Stock  on  Drill  Press" 
Shop  Operations  Hazard  Analysis  Format 

Figure  6.  "Dressing  the  Grinding  Wheel" 
Hazard  Analysis  Flow  Diagram 

Table  4. (continued).  ^'Dressing  the  Grinding  Wheel" 
Shop  Operations  Hazard  Analysis  Format 


INSTRUCTOR  NOTE:  USING  A  COMPLETED 
HAZARD  ANALYSIS  FORMAT- 

At  the  point  indicated  on  page  4-20,  the  instructor  is  to  use  that 
portion  of  the  completed  Shop  Operations  Hazard  Analysis  format 
which  Ulustrates  an  analysis  of  one  operation,  in  this  case  drill- 
ing and  countersinking  stock  on  a  drill  press,  or  one  process,  in 
this  case  turning  between  centers.  The  format  distributed  to 
participants  should  not  display  hazard  consequence  classification 
or  hazard  probability  categories.  The  instructor  asks  the  partici- 
pants to  estimate  the  consequence  classification  and  the  proba- 
bility of  identified  hazards  resulting  in  aii  accident  situation.  When 
all  estimates  have  been  recorded  on  the  chalk  board,  the  instructor 
displays  his  estimates  and  presents  the  rationale  behind  them. 

The  instructor  now  distributes  in  its  entirety  the  sample  Shop 
Operations  Hazard  Analysis  format/He  divides  the  group  into 
teams  of  five,  has  eacii  team  appoint  a  leader,  and  explains  that 
each  team  v/iU  devote  the  next  hour  to  attempting  to  add  to  and 
improve  the  informatiori  contained  on  the  analysis  format.  Each 
team  is  to  concentrate  on  a  different  major  operation.  At  the  con- 
clusion of  one  hour,  each  team  leader  summarizes  for  the  ciass  the^ 
findings  of  his  team,  the  rationale  behmd  its  recommendations,^ 
and  any  problems  members  had  in  understanding  the  technique.  ^ 
All  suggestions  are  recorded  on  the  chalk  board..  When  "the  list  is 
complete,  the  group,  under  the  leadership  of  the  mstructor,  begins 
to  decide: 

1.  which  items  on  the  list  should  be  included  along  with  the 
others  on  the  previously  developed  analysis  formats 

2.  how  the  information  contained  on  the  formats  can  be 
strengthened.  The  instructor  then  returns  to  the  lesson 
(p  .4-21)  to  finish  the  unit. 


INSPECT  AND  SET  UP  DRILL  PRESS 

CEmR-PUKCH  HOLE  AT  BOTH 
ENDS  OF  luRXPlECE 

DRILL  AND  COUNTERSINK  CENTER 
HOLES  ON  DRILL  PRESS 


Figure  1 
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TABLE  4 

SHOP  OPERATIOMS  HAZARD  ANALYSIS  FORMAT 


process/ 

EQUIP 

MAJOR 
OPERATIONS 

TASK 

POTENTIAL 
HAZARD 

CONDITIONS 
TRIGGERING 
HAZARD  INTO 
ACCIDENT 

HAZ 
CL 

HAZ 
PROB 

SHOP  PROCEDURAL 
REQUIREMENTS 

SAFETY  & 
PPE  REQ 

SPECIAL 
INSTRUCTIONS 

Inspect 
and  set 
*up  drill 

Defective 
chuck,  switches, 
clemps,  etc. 

Operating  drill 
press  with 
defective  parts 

II 

B 

Do  not  operate 
drill  press  if 
defective. 

© 

< 

press 

Attach  "do  not 
operate"  tag. 

■ 

('I)  punch 
hole 

8t  both  ends 
of  workpiece 

Workpiece  not 
securely 
clamped  while 
center  punch- 
ing holes 

Workpiece  slip- 
ping from  under- 
neath punch 
when  punch  is 
hit  with  hammer 

II 

B 

Workpiece  is  to 
be  secured  in 
vise  before 
striking 
punch.  Select 
No.  2  combina- 
tion drill  & 
countersink 
(Fig.  2) 

Drill 
(3)  and 
coun- 
tersink center 
holes  on  drill 
press 

Placing  work- 
piece  in  posi- 
tion for 

drilling  without 
clamping  in  vise 

bringing  drill 
in  contact  with 
workpiece 

II 

B 

Workpiece  is  to 
be  secured  in 
vise  before 
drilling  holes 

Leaving  chuck 
wrench  in 
cnuck  at  time 
when  machine 
IS  started 

Starting  drill 
press 

1 

A 

Chuck  wrench  to 
be  removed  from 
chuck  prior  to 
starting  machine 

StDp-start 
buttons  not 
located  within 
easy  reach  of 
operator, 
causing  student 
to  roach  behind  or 
alongside  moving 
part  or  not  being 
able  to  shut  off 
machine  in 
emergency 
(Figs.  3, 4) 

Starting 

.Tidchine;  having 
having  to  shut 
machine  off 
(normally); 
having  to  shut 
machine  off  in 
emergency 

II 

B 

Stop-start  but- 
tons to  be  located 
within  easy 
access  of  operator 

Stop-start 
buttons 
color 
identified 
with  bright 
colors; 
emergency 
disconnect 
switch  re- 
quired 
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Drilling  the  center  holes  on  the  end  of  the  workpiece  on  a  drill  press. 
Reprinted  from  John  L  Feirer,  Genera/  Metals,  2nd  ed.  {New  York: 
McGraw  Hill,  1959),  p.  285,  by  permission  of  McGraw  Hill. 

Figure  2 


DRILL  PR£SS  w»mout  odeququ  conttxM^ 


Adapted  from  Machine  Guarding- Assessment  of  Need,  NIOSH,  HEW 
Publication  No.  (NIOSH)  75-173,  June  1975.  p,  51, 

Figure  3 


TABLE  4  (Continued) 


SHOP  OPERATIONS  HAZARD  >SkNALYSIS  FORMAT 


PROCESS 

=QUiP 

MAJOR 
OPERATIONS 

TASK 

POTENTIAL 
HAZARD 

CONDITIONS 
TRIGGERING 
HAZARD  INTO 
ACCIDENT 

HAZ 
CL 

HAZ 
PROB 

SHOP  PROCEDURAL 
REQUIREMENTS 

SAFETY  & 
PPE  REQ 

SPECIAL 
INSTRUCTIONS 

Student  with 
long  hair,  long- 
sleeved  shirt, 
neck-tie  or  gloves 
working  on  acti- 
vated drill  press 

Clothing,  hair, 
etc.,  coming  in 
contact  with 
drill  or  chuck 
'while  machine 
is  in  operation 

II 

A 

Sleeves  rolled  up; 
hail  in  nets  or  tied 
back;  no  neckties; 
no  gloves  used 
while  press  is  in 
operation 

Use  tele- 
scoping guard 
(see  Fig.  5) 

• 

Rotating  drill 
in  chuck 

Student's  hand 
crarm  coming 
in  contact  with 
with  spinning  drill 

H 

B 

Student  to  keep 
full  concentration 
on  operation 

Drill  breaking 
during  drilling 
mode 

Exceisive  pressure 
placed  on  drill 
and/or  not  lubricat- 
ing drill 

A 

Drill  should  not 
be  jammed  down 
into  stock;  slow 
and  even  pressure 
required;  lubricate 

Face 
shield 
and/or 
goggles 

Drills  in- 
spected for 
cracks  prior 
to  drilling 

Flying  metal 

forking  on  drill 
press 

II 

B 

If  excessive  chips 
begin  to  fiv 
from  workpiece, 
shut  off  machine 
and  call  for 
instructor  assis- 
tance 

Face 
shield 
and/or 
goggles 

Metal  chips 
created  during 
drilling  operation 

Drill  sticks 

in  wor(: 

> 

Student 
attempting  to 
remove  chips  v/hile 
nriachine  is  running 

Drilling  stock 

II 
III 

B 

B 

Drill  press  is  to 

<Siit  nff  flnH 
uo  •ifUl  uii  anu 

chips  cleaned 
with  bursh 

Stop  spindle; 
free  by  ..and 

Face 
shield 
and /or 
goggles 

Pin\h  points 
at  belts 

Adjusting 
bolts 

II 

B 

Always  f  top 
Dress  before 
adjusting  belts 

1 
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eO-STKlCAL 
OON'fKOL  BOX 
ryiUALLY  ON/OPT 


Drill  press  adapted  from  Machine  Guarding-Assessment  of  Need, 
NIOSH,  HEW  Publication  No.  (NIOSH)  75-173,  June  1975,  p.  51. 

Figure  4 


TELESCOPING  GUAfiD 


'  ■   ..— >,w  '   

S«f»ty  mechanism  reprinted  from  Guards  Illustrated,  3rd  ed.  (Chicago: 
NstiontI  Safety  Council,  ie73),  p.  32,  by  permission  of  National 
Safety  Council. 

Figure  5 
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tVSPiCT  FAK  Of  »iNDlNClHE£L  TO  JUDC£ 
rem  ITCANKOIESSCO 

liSTfiUCTM  ADJUSTS  OtESSCfi  ftOlLS  SO 
THAT  THET  AXE  JUST  TOUCHIIC  IHEEL 


STAAT  CKIRDEI) 

i^::;tfCTOK  flaccs  dresser  on  one  end  of 

l^fOMKESY 

INS^  mOH  HOLDS  DitESSES  FlMdT  iOINST 
fOHICT 

INSTKUCTOR  MOVES  DKESSER  SAUANDFOiaH 
ACAIIST  FACC  OF  THeei.  WmOtEa  OR  IOC 
ON  UNDERSIDE  OF  OKE&R  HEAD  HELD 
AQUIST  EDCE,  ICT  OR  TOP  OF  VOR(  REST 


When  an  abrasive  wheel  is  rutted,  worn  or  out 
of  balance,  it  can  damage  the  machine,  injure 
the  operator  and  produce  poor  work.  Dressing 
the  grinding  wheel  means  removing  a  large  area 
of  the  face  to  restore  the  wheel  to  good  condi- 
tion. If  a  wheel  cannot  be  balanced  by  truing 
and  dressing,  it  should  be  removed  from  service. 
Reprinted  with  permission  from  Accident 
Prevention  Manual  for  Industrial  Operations- 
Engineering  and  Technology,  8th  ed.  (Chicago: 
National  Safety  Council,  1980),  p.  362. 
Figure  7 
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SHOP  OPERATIONS  HAZARD  ANALYSIS  FORMAT 


PROCES^/^ 

EQUIF 

MAJOR 
*  OPERATIONS 

TASK 

POTENTIAL 
HAZARD 

■  1 

CONDITIONS 
TRIGGERING 
HAZARD  INTO 
ACCIDENT 

HAZ 
CL 

HAZ 
PROB 

REQUIREMENTS 

.  SArcTY  & 
PPE  REQ 

SPECIAL 
INSTRUCTIONS 

Turnir>g  Betwoen 
Ccnten/Ptdettal 
Grinder 

Dressing  the  ^ 
Grinding  Wheel 

1 

Inspect 
face  of  grind- 
ing wheel  to 

- 

Round  off 
wheel  edges 

judge  whetlter  it  can 
be  dressed  (Figs.  1, 
8) 

with  hand 
stone  before 
dressing  to  > 
to  prevent 
edges  from 
chipping' 

® 

Instaictor 
iidjusts 
dratsflr  rnlli 

Misalignment 
causing  wheel  to 
come  in  contact 
with  dresser  rolls 
when  grinder  is 
started 

Wheel  binding 
against  dresser 
rolls  and  possibly 
degrading  when 
grinder  is  started 

11 

A 

Adjust  work  rest 
so  that  dresser  roils 

Face 
shield^ 

4-25 

so  that  they  are  just 
,  touching  wheel 

are  just  touching 
grindi"  j  wheel 

work 
apron 

® 

Start 
grinder 

< 

Flying  chips  or 
debris  coming  from, 
wheel 

Wheel  or  spindle 
ends  catching 
clothing 

Starting  grinder 

Starting 
grinder 

II 

\\ 

8 

Operator  should  - 
stand  to  one  side  i 
of  grinder  when 
starting  machine. 
Upfxjr  peripheral 
guard  must  be  in 
place 

Roll  up  or  clip 
sleeves 

Face 
shield 

Point  of  opera- 
tion guards 
(Figs.  9, 10) 

Excessive  vibration 

noi  aressing  wneei 
properiy 

tl 

A 

Shut  down  equip- 
ment 

Equipment 
adequately 
grounded 
orGFCI 

Wheel  explodmg 

Running  grinder  at 
excewive  RPM  with 
crack  or  other  defect 

1 

8 

Following  instruc- 
tions for  RPM 

0 

i 
1 
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GR5NDING  WHEEL  IN  NEED  OF  DRESSING 


Tnis  illustration  shows  a  wheel  loaded  with 
aluminum  particles.  It  needs  to  be  dressed. 
Photography  courtesy  of  Robert  J.  Firenze. 
Figure  8 


4St  . 
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POWER  T«ANSM»SSK>N  ^ 
(CHCLOStD) 


PO<ST  Orc*»£PAT<ON 


STOCK  RtST  . 


0^  Off  S..»ch^ 


Adapted  from  /lfac/?/A7e  Guafd in y-^ Assessment  of  Need  NIOSH  HEW 
Publication  No,  (NIOSH)  75-173,  June  1975,  p.  46. 

Figure  9 


POWER 

TRANSMISSION 
(CNCIOSEO 


^  POINT  or  OPtRAT'ON 
/  (AOJUSTABtt  *Mftt 
^-^/  ^iUA^^Pl 


FftO 


OPERATING  CONTROLS 
(Oft  Off  S.t•c^) 


Adapted  from  Machine  Guar^ny- Assessment  of  Need  NIOSH  HEW 
Publication  No.  (NIOSH)  75- JJ,  June  1975,  p.  46. 

Vigure  10 
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TABLE  4  (Concluded) 
SHOP  OPERATIONS  HAZARD  ANALYSIS  FORMAT 


PROCESS y 

MAJOR 
OPERATIONS 

TASK 

POTENTIAL 
HAZARO 

CONDITIONS 
TRIGGERIfyio  . 
HAZARD  INTO 
ACCIDENT 

HAZ 
CL 

HAZ 
PROB 

SHOP  PROCEDURAL 
REQUIREMENTS 

SAFETY  & 
r>PE  REQ 

SPECIAL 
INSTRUCTIONS 

Instructor 
(4)  places 

dresser  on 
one  end  of  the  work 
rest 

Make  sure  that 
lugs  of  dresser 
are  against  edge 
of  work  rest 

Use  dressing 
wheel  approved 
for  job.  Never 
use  lathe  cut- 
ting tool. 

Instructor 
(5  J  holds 

firmly 
against  edge  of  work 
rest 

Eytessive  pressure' 
on  wheel 

Operator  exerting 
ing  excessive  pressure 
on  dresser  rolls 

II 

A 

Exert  only  suffi* 
-ctent  pressure  to 
allow  dresser  to 
remove  a  small 
amount  of  abrasive 
wheel  at  one  pass; 
roll  up  or  clip 
sleeves;  remove  rings 

Face 
shield; 
hair  nets 

Hands  should  be 
free  of  grease 
or  oil 

Machine  guard 
in  dowr)  posi- 
tion 

\ 

Instructor 
r  S  )  moves 

dresser  back 
and  forth  against  face 
of  wheel,  with  heel  or 
lug  on  underside  of 
dresser  head  held 
firmly  against  edge, 
not  on  top  of  work 
rest 

See0 

See(T) 

II 

A 

See@ 

See0 

Sce0 

Round  off  wheel 
edges  with  hand 
stone  after 
dressing  to  pre* 
vent  edges  from 
chipping 

t 

\ 

0 
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UNITS 


SAFETY  COMMITTEES 


METHODS 


PURPOSE 


OBJECTIVES 


SPECIAL  TERMS 


INSTROCTOR 
MATERIALS 


TRAINEE 
MA1ERIALS 


Lecture 


LENGTH:  30  Minutes 


To  examine  the  functions  and  uses  of  safety  committees  in  tj industrial/ 
vocational  education  safety  and  health  program. 


To  introduce  the  participant  to: 

1.  j  The  value  of  safety  committees 

2.  The  types  of  committees 

3.  The  way  to  organize  and  operate  committees. 


L  Safety  and  Health  Policy  Committee 
2.  Shop  Safety  and  Health  Committee 


Lesson  Plan 

Overhead  Transparencies^  Projector  and  Screen 
Chalk  Board/Chalk 


Participant  Outlines  and'Supplementary  Materials 


Units 
SAFETY  COMMITTEES 


As  vfe  discussed  in  Unit  3,  the  reduction  or  elimination  of  hazards 
the  iridustrial/yocational  education  shop  cannot  be  delegated 
to  a  single  group  but  instead  must  involve  the  active  participation 
and  cooperation  of  many,  key  people  in  th^  school  organization. 
Like  any  other  kind  of  committee,  the  safety  and  health  com- 
mittee can  'either  provide  a  valuable  service  or  end  up  as  nothing 
more  than  a  social  circle  whfch  i^  neither  productiifja  nor  efficieht. 
What  makes  one  committee  highly  effective  while  another  fails? 
Tjxe  answer  lies  in  part  with  the  original'purpose  of  the  conimittee, 
,  how  well  it  is  structured  and  staffed,  and  the  support  it  receives 
while  carrying  out  its  responsibilities. 

In  this  unit  we  will  examine  the  basic  types  of  safety  and  health 
committees  used  *in  industrial/vocational  education.  We  will  ex- 
plore what  they  should' Jbe,  how  they  should  work  and  how  they 
should  be  organized  and  managed  in  ord^r  to  ensure  that  they 
function  productively  an€^;glficiently. 

A  safety  and  health  committee  is  a  group  appointed  to  aid  and 
.  advise  the  school  administration  on  matters  of  safety  ^d  health 
pertaining  to  shop  operations.  In  addition,  it  performs  essential 
monitoring,  educational,  investigative  and  evaluative  tasks.  The 
committee,  depending  on  its  type,  is  qomposed  of  members  of  thfe 
school  administration,  instructors,  department  heads,  maintenance 
personnel  and  students.  *  *' 

If  the  industrial/vocational  education  program  has  any  formal 
safety  program  at  all,  it  is  usually  small  and  limited.  Too  often, 
staff  must  sandwich  in  safety  and  health  ;iyith  other  activities. 
Such  a  system  lacks  coordination;  each  person  delegated  responsi- 
bility for  safety  and  health  is  left  pretty  much  on  his  own  to 
provide  for  and  maintain  a  safe  and  healthy  shop  i^etting.  Tlie 
results  of  such  a  program  are  usually  lek  than  deshrable. 

To  establish  and  maintain safety  and  health  program  of  high 
quality,  the  full  cooperation  of  everyone  in  the  school  organiza- 
.tioD*  is  required.  The  safety  and  health  committee  is  a  vehicle  for 
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PURPOSE  OF  UNIT 


WHAT  IS  A  SAFETY  AND 
HEALTH  COMMITTEE?  . 


VALUE  OF  COMMITTEES 


\J  4 


Safety  Committees 


\ 


(Committee  iscVehicle  for 
Providing  Cooperation 


Committees  Provide  Channels 
for  "Action 


Committees  Provide  Closer 
Relationships 


Many  Heads  Are  Better 
Than  One  ' 


TYPES  OF  SAFETY  AND 
HEALTH  COMftmTfiES 


Safety  and  Health  Policy 
Committee 


obtaining  this  cooperation  while  effectively  and  efficiently  distrib- 
uting the  work  load  so  that  a  few  people  in  the  school  do  not  have 
to  carry  the  whole  safety  and  health  burden  by  themselves. 
Committees  provide  ^n  official  channel  and  forum  for  combii^ing 
the  knowledge  and  experience  oif  many  people  in  Order  to  accom- 
plish the  objectives  of  reducing  hazards  and  losses. 

Safety  and  health  committees  provide  a  means  whereby  hazard 
information  and  suggestions  for  hazard  control  can  travel  between  ^ 
the  shop  and  the  school  administration.  Comnlittee  members  can, 
translate  their  ideas  into  actions.  Because  the  information  flow  is 
,  facilitated,  administrators  can.  process  problems  and  take  action 
more  expediently.  .  ,  • 

Committees  by  their  very  nature  encourage  a  close  relationship 
between  school  administrators,  departmeiij:  heads,  instructors  and 
students.  TJie  benefits  of  this  close  relationship  can  be  found  not 
only  in  greater  attention  to  safety  and 'health  and  a  finer  under- 
standing of  hazard  control  but  also  in  higher  school  morjile. 
Because  they  facilitate  communication,  safety'  and  health  com- 
mittees provide  an  excellent  means  for  maintaining  school  morale 
at  a  high  level.  -       ^  •  ' 

Perhaps  the  greatest  value  of  all  is  that  ^committees  force  many  ' 
minds  to  address  a  problem  simultaneously.  With  so  much  "think-  < 
ing  power"  ^working  on  problems,  effective  solutions  are  produced. 

There  are  two  basic  types  of  safety  and  health  committees  used  \n  * 
industrial/vocational  education  settings:  policy  and  shop  com- 
mittees. In  a  smaller  school  these  two  committees  may  need  to 
be  combined  into  one  grojip  of  six  to  eight  persons,  j:epresenting  ' 
administration,  department  heads,   instructors,  students ,  and 
maintenance  personnel.  ^  ' 

✓ 

The  Safety  and  Health  Policy  Committee  is  composed  of  an 
assistant  principal,  at  least  one  department  head^  at  least  one 
instructor  and  a  teachers'  association  representative  where  appli- 
cable. The  work  of  this  copimittee  includes: 

1.  identifying,  defining  and  studying  those^  problems  which 
have  a  significant  impact  on  the  safety  Snd  health  of 
school  staff  and  students 

2.  studying  safe'ty  and  health  implications  of  interdepart- 
mental function^  and  of  changes  in  procedures  arid  pro- 
cesses 
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3.  acting  on  or  evaluating  the  effectiveness  of  recommenda- 
tions from  the  Shop  Safety  and  Health  Committee 

4.  assessing  recommendatioj^s  in  the  light  of  appropriations 
and  setting  priorities  for  expending  funds  to  improve 
safety  and  health  in  the  school 

5.  reviewing  and  updating  all  school  rules  and  regulations 

applicable  to  safety  and  he^th  ' 

*  ^ 

-  6.  promoting  and.  evaluating  training  and  education  in  hazard 
recognition  and  control 

7.  standardizing  disciplinary  courses  of  action  for  noncompli- 
ance with  school  safety  and  health  rules  and  regulations 

8.  reviewing  accident  report^ 
#  ^ 

9.  reviewing,  beneficial  suggestions  to  improve  safety  -and 
health.  .  '  '  * 

The  Safety  and  Health  Policjj  Committee  also  gives  guidance  to 
the  Shop  Safety,  and  Health  Committee,  to  which  it  refers  specific 
tasks.  •  .  • 

The  Shop  Safety  and  Health  Comrftittee,  unlike  the  Policy  Com- 
mittee, is  the  group  that  promotes  safety  and  health  at  the  shop 
level.  It  consists  of  department  heads;  instructors,  maintenance 
personnel,  student  shop  foremen  and,  when  applicable,  a  teachers' 
association  representative:  The  work  of  this  committee  includes: 

1.  conducting  periodic  shop  and  facility  inspections  to  de- 
tect hazardous^  physical  and  environmental  conditions, 
unsafe  procedures  and  practices 

2.  studying  and  evaluating  accideht  and  injury  data 

3.  iiVvestigating  all  accidents  occurring  in 'the  school  and  pre- 
paring reports  > 

4.  conducting  safety  and  health  training  and  evaluation 
programs 

•  5.  conducting  hazard  analyses  of  all  shop  processes  and 

operations  ^  . 
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6.  reviewing  and  upgrading  shop  curricula,  instructional 
methods  and  materials 

7.  fiel((-testing  safety  and  health  equipment  and  making 
recommendations  to  the  Policy  Committee 

8.  studying  the  implications  of  changes  in  shop  QRpcesses, 
operations'and  tasks' 

^.  \  r  ■ 

9.  .recommending  actions  to  be'tak^n  by  the  Policy  Com- 
mittee to  eliminate  or  reduce  hazards 

10.  considering  ways  ^d.- means  of  improving  the  effective- 
ness of  rules^  regulations,  procedures,  etc.,,\to  promote 
safety  aiid  health  in  the  school     .    ^  ^ 

•    11.  promoting  first  aid  training  for  all  schbol  staff. 

The  top  schbol  administrator  must  tceep  in  mind  two  important 
requirements  in  oj^anizUig  the  committee!  first,  to  keep  the  com- 
mittee small  and  effective;  and  second,  to  appoint  a  chairman  who 
is  respected  and  who  demonstrates  interest  in  the,atea  of  safety 
and  health.  The  administrator  must^  unpress  upon  the  chairman 
that^committee  menibers,  no  matter  *how  good  their  intentions, 
.  should  be  constantly  motivated  and  encouraged  to  take  on  addi- 
tional responsibilities  while  still  maintaining  theur  planning,  in- 
structional and  evaluative  duties.  Thus,  the  persoh  selected  to 
chair  the  committee  must  be  -*sold"  on  ihe  purposes  of  and 
results  t6  be  gained  from  a  school  safety  and  health  program. 

The  ideal  size  of  the  Policy  Committee  would  be  about  six  people^ 
representing  administration,  department  heads,  instructors  and 
teachers'  association  representative.  •  The  committee,  should  be 
structured  so  that  the  principal  is  an  ex  officio  member  of  the 
Policy  Committee.  The  Shop  Safety  and' Health  Committee, 
including  as  it  does  student  representatives  and  maintenance 
personnel,  might  range  in  size  from-six-td-ten  persons,  Th^  com- 
mittees should  \>e  of  manageable  Size  so  that  each  member  will 
have  the'  opportunity  to  participate*  Committee  ^membership 
should  be  staggered  so  that  the  term  ofcoffice  of  all  committee 
members  does  not  exphre  at  the  same  time,  destroying  the  con- 
tinuity  of  committee  programs.  ' 
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Committee  memUers  will  for  the  most  part  need  safety  and  health 
trainipg  and  education  before  they  can  be  effective.  Consequently,- 
'school  administratoi-s  must  see  to  it  that  committee  members 
receive  basic  instructipn  in  the  principles  and  techniques  of  hazard 
recognition  and  control.  Parts  of  this  course  can  be  used  to  in- 
crease the  knowledge  and  skill  of  committee  members.  The 
units  on  inspections,  hazard  analysis  and  accident  investigations 
and  several  of  the  technical  units  are  highly  recommended  for  u^ 
in  training  and  educating  coipmittae  members.- 

*  •  '  • 

To  arrive  at^recommendations,  the  safety  commi^^tee^needs^an 
established  procedure.  In  schools  with  only  .one  safety  and  health 
committee,  fecommendations  will  go  directly  to  the'  administra- 
tion. In  schools  with  two  committees,  the  Shop  Safety  and  Health 
Committee  will  make  its  ^recommendations  to- the  Policy  Com- 
mittee, to  which  the  administration  has  delegated  itsgiuthority. 

The  following  procedures  are  suggested: 

1.  When  a  committee  member  makes  a  recommendation,  it 
should  be  ciiscussed^by  the  entire  committee  to  determine 
if  the  recommendation  is  acceptable,  if  it  needs  modifica- 
tion before  being  submitted  to  the  school  administration 
or  Policy  Committee,  or  if  it  should  be  i:ejected. 

2.  Any  recommendation  regarding  safety  and  health  |n 
0  industrial/vocational  education  must  be  referred'  directly 

to  the  Shop  Safety  and  HeaTth  Committee,  A  recom- 
mendation received  from  outside  the  committee  should  be. 
fubject  to  the  same  procedure  described  above:  committee 
discussion,  leading  to  acceptance,  modification  or  re- 
jection. ,  •  ' 

3.  I^oommendations  which*  have  been  accepted  by  the  com- 
mittee should  be  suj)mitted  in  ^writing  to  the  school  ad- 
ministration or  Policy  Committee.  .  ' 
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Recommendations  should  state  what  is  to  be  done, 
by  whom  and  when  (the  date  it  is  to  be  completed). 
Committees  should  avoid  making  recommendations  to 
d9  something  "at  once,"  "as  soon  aspdssible,"  "when 
funds  are  available,"  "wh^n  convenient"  qnd  so  forth. 
Such  recommendations  are  either  too  demanding  or 
too  vague  and  transfer  the  responsibility  of*deciding 
priorities  to  the  doer.      .  ^ 
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C01WUCriNG*C0MMITTEE 
MEETINGS 
Establishing  a  Date  for 
Meetings 


Advance  Agenda 


Duration  of  Meetings 


•Role  of  Chairman 


s 
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b:  The  written  statement  should  explain  Why  a  course  of 
action  is  recommended,  information  which  also  should 
,^  be  included  in  the  committee  meeting  minutes.  Such 
explanations  should  make  clear  in  what  way  the 
recommended  action  will  reduce  or  eliminate  hazards 
and  improve  safety  'and  health  within  *  the  school 

c.  How  the  recommendation  is  to  be  carried  out  should 
be  stated  only  if  '^method"  is  a  condition  of  the 
recommendation. 

The  chairman  of  the  Shop  Safety  and  Health  Committee  should 
establish  a  date  and  time  for.eaoh  committee  gieeting,Jtaking  inco 
account  the  schedules  of  members.  The  committee  should  meet  at 
least  once  a  qiOnth  and  ,carry  put  assignments  between  meetings* 
The  Policy  Committee  meets  as  needed,  at  the  discretion  of  its 
chairman  and  the  school  administration.  ' 

At  le^t  five  days  in  advance  of  a  commj^ee  meeting,  notice 
of  the  meeting  and  the  agenda  sHbuld  be 'sent  Iq  each  committee 
member.  By  receiving  the  agenda  beforehand,  committee  members 
have  time  to  think  about  the  topics  to  be  considered  and  organize 
their  ideas  and' opinions  at  a  leisurely  pace.  A  good  pisaetice  is  to 
include  with  the  agenda  a  copy  of  the  minutes  of  the  l%st  meeting. 

Whenever  possible,  meetings  of  the  Shop  Safety  and  Health  Com- 
mittee should  be  held  to  one  hour.  In  or^er  to  accomplish  an  en- 
tire agenda  ill  that,  tune,  the  committee  chairman  must  take  time 
beforehand'  to  organize  the  business  at  hand  into  a  tight  scjiedule. 

During  committee  meetings,  the  chairman  mustieep  the  program 
on  course.  It  is  easy  for  the /chairman,  as  coordinator,  to  slip  out 
of  the"  leader*s  role  and  find  himself  .doing  the  leg  work  of  com- 
mlctee  ipembers.  When  the  chairman  steps  out  of  his  role,  even  for 
a  short  period  of  time,  he- frustrates  the  members.  On  the  other 
hand,  if  the  chairman  conducts  n^eetings  in  aich  a  manner  that 
he^niakes  all  the  recommendations  himself,  the  role  of  the  com- 
mittee is  destroyed.  Instead  o^the  members  jointly  participating 
in  decisions,  they  ale  forced  into  accepting  one  person's  opinions. 
If  such  a  situation  is  allowed. to  continue,  the  effectiveness  of  the 
committee  will  be  drastically  reduced  and  soon  committee  ^t^- 
bers  will  refu'se  to  participate. 
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The  committee  should  adopt-  a  formal  set  of  rules  to  govern  the 

conduct  of  the  meeting,  * 

«  ■ 

Corfimittee  meetings  ar^  more  productive  when  minutes' of  pro- 
,  ceedings  ^[re  kept.  These  minutes  need  not  be  elaborate  but  should 
^  be  complete  and' informative  and  ^hould^  be  reviewed  by  the  school 

principal  after  each  meeting.  Minutes  iaken  by  the  committee 

secretary  should  follow  a  pattern  similar  to  the  following:  ^ 

1,  date  of  meeting' 
^.  time  meeting  opened 


3.  members  present 

4.  members  absent 


-  5.  minutes^  of  previous  meeting ytead  and  approved  or  dis- 
appr/vQd  ^   7  *    .       *■      "  A 

•  '       -  :   '  ^• 

6.  unfinislied  business  (including  issues  involving  recom- 
'  \  mendations  not  yet  resolved) 

7.  recommendations  completed  since  last  meeting 

8.  new  business  (including  discussion  ,  of  .  inspections*  and 
•    *      'hazard  analyses  made) '         .  •  * 

9.  new  recommendations  (all  recommendations  to  be^^ubr 
mitted  on^rms' similar  to 'those  in  -Tables  1  and*2  of 
Units)  '  ;  ^ 

10.  listing  and  discussion  of  accidents  which  occurred  since 
,    last. meeting  (date  of  injury,  studerit,  instructor,  school 

employee,  cause,  recomrpendations,  etc.)  { 

11.  other  committee  remarks 

12.  committees  resolutions  »  *  ^ 
13. .  time  meeting  adjourned  and  date  of  next  meeting  * 

'14.  secretaires  signature  • 

15.  space  foV  signature  of  reviewing  official  and  date. 


Rules  of  Order  • 
*  Keeping  Minutes  of'Meetings 


\ 


A- 
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EFFECTIVENESS  0,F  • 
SAFETY  COMMITTEES  ' 
Regular  Meetings  and 
Attendance 

Interested  and  Cooperative' 
Members 


Recommendations  Are  Con- 
sidered and  Acted  Upoa 


Accomplishments  Are 
Recognized 
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The  effectiveness  of  safety  committees  depends  on  several  factors: 

1/  Regular*  meeting  times  and  regular:  attendance  at  meet- 
ings indicate  interest.      •     -  - 

2.  Committee  meiTibers  niustbe  sincerely  interested  in  the. 
'  school  safety  aild  health  program  arid  willing  to  cooperate 
with  others  to  improve  that  prograrii.  # 

.  3.  Committee  recommendation?  and  suggestions'  hiupt.  be 
carefully  -consTdered  and  acted  upon.  If  the  committee 
becomes  a  show-piede  with  no  real  authority  or  support, 
it  should^  disbanded  and  a  fresh  start  made. 

4.  ^he  committee's  A^ork  and*  accomplishments  should 
'  receij^e  recognition,  either  b^  means  of  public  announce- 
ment or'  private  letters  of  commendation.  An  effective 
chairman  will  express  his  appreciation  for  the  contribu- 
tions and  expertise  ,of  committee  members. 


/ 
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QUESTION&AND  ANSWERS 


•  y-"" 

1.  Whatjs  a  safety  committee? 


A  safety  committee  is  a  group  consisting  of  school  staff  and 
students  appointed  to  perform  essential  monitoring,  educa- 
tional^ investigative,  and  evaluative  tasksl  It  also  aids  and  advises 
'  the  school  administration  on  matters  of  safety  and  health  as 
they  relate  to  shop  operations.  ' 


2.  What  are  the  two  basic  types  of  safety  committees?* 


Policy  and  shop  committees. 


3*  ^hat  information  should  be  included  in  the  written  recommendations  of  the  safety 
committee?  . 


The  recommendations  should  specify  what  is  to  be  dcHie,  by 
whonty  when  the  work  should  be  completed  and  why  this 
course  of  action  is  necessary*  . 
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UNIT  6  * 
ACCIDENT  INVESTIGATION  TECHNIQUES  ' 


METHODS  ' 
PURPOSE 

OBJECTIVES 


SPECIAL  TERMS 


INSTRUCTOR 
MATERIALS 


TRAINEE  ' 
MATERIALS 


Lectuf  e  and  Demonstration 


.LEI^GTH;60  Minutes 


To  introduce  the  participant  to  tJie  process  of  accident  investigation  from  the 
standpoint  of  its  necessity,  techniques,  metho'cls  and  benefits. 


To  introduce  the  participant  to: 


1.  Benefits  and  purposes  oLac/cident  investigation' 

2.  Techniques  of  conducting  an  accident  investigation 

3.  Specific  information  to  be  sougldt  in  investigation 

4.  Techniques  of  conducting  interviews 

5.  The  prepmt^on  of  an  accident  report. 


1.  Dhrect Costs, 

2.  Indirect  Costs 

3.  Human  Error 


Lesson  Plan  ^ 

35  mm  Slides,  Pro^ctor  and  Screen 

Chalk  Board/Chalk 


Participant  Outlines  and  Supplementary  Materials 
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^  Unit  6 

r  ACClBENT-INVESflGATIONTl^  * 


"In  units  ^  and  4  we-emphasizetl  the  importance  oMcJentifying  aad 
evaluating  hazards  in  the  industrial/vocatiopal  education  shop 

-  bejore -these  hazards  result  in  accjdent  situatioris.  This  approach 
suggests  that,  if  we  can  locate,  assfess  properly  and  counter  potent 
tia^accidents  before  they  result  ingccidents,  perhaps  students  and 
school^  staff  will  not  be  injuredCo^  made*  ill,  •lo5;ses  will  be  min- 
imized and  instructional  and  operational  methods  wilT  be  more 
effective.  ^ 

•  •  • 

While  the  idea  behind  this  concept  is  sound  ahd  in  fact  has  proven 
itself  to  be  a  critically  desirable  element  of  any  hazard  control 
program,  tJiere  will  be  times' when' we  will  not  be  able  to  find  and 
eliminate  problems .  before  accidents  occur.  When  the  accident 
occurs,  -we  must  be  prepared  to.  acquire  ttfr'ough  investigation  as 
much  information  possible  about  its  cause($)  s5  that  similar 
accidents  can  be  avoided.  *  ,  . 

*•        ^      .  •  . 

There  are  four  important  reasons  for  investigating  accidents  that, 
occur  in  industrial/vocational  eduction  prpgrams.  - 

The  first  teas6n  is  to  determine  the  cause  of  the  accident.  Was  it 
.a^matter'of  student  error  which  canfSe  corrected?  Was  the  prob- 
lem one  which  concerns  rules  or  regulations?  Did  defective 'ma- 
chinery or  factors  in^ihe  shop  environment  contribute  to  ^he  ac- 
cident? Pqori'maclimery  layout,  for  example,  or  the  very  design  of 
*a  shop  process,  operation  or  task  can  contribute  to  an  undesirable  ^ 
situation.  During. the  discussion  of  ^accident  causation  in  Unitl, 
we  learned  .that  three  primary  factors  are  invqlved  in  accidents: 
human,  situational  raid  envirohmental.  The  accident  investigator 
must  concentrate  on  gathering^all  information  which  led  up  to  the 
accideftt,,"  v       -  . 

\ 

The  second,  reason  to  investigate  accidents  is  to  identify  what 
action  can  be  taken 'and  what  unprovements  made  to  prevent 
similar  accidents  from  occurring  in  the  future.  - 

Tlie  third  reason  is  to  document  the  facts  involved  in  an  accident  - 


INTROaUCTION 


In  Any  Good  Program 
Accid^ts  Stilly  Occur 


WHY  INVESTIGATE 
ACCIDENTS?* 


l:'- 


To  Determine  Cause 


2.  To  Identify  Ways  to 
Prevent  Similar  Accidents 


Accident  Investigation  Techniques 


3.  To  Document  Facts  for 
Compensation  and 
Litigation 


To  Uncover  Indirect 
Accident  Causes 


To  Provide  Information  on 
Costs 


6.  To  Publicize  the  School's 
Interest  in  Safety  and 
Health. 
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for  u^  in  instances  of  compensation  and  litigation.  Many  times  a 
school  has  been  placed  in. an  embarrassing  situation  when  an 
attorney  for,  the  school  or  for  the  injured  party  has  asked  the 
,  administration  to  produce  facts  concerning  an. accident  situation. 
The  report  produced  at  the  conclusion  oif  an  investigation  becomes 
the  permanent  record  of  facts  involved  in  the  aqcident.  School 
administrators  can  breathy  more  easily  when  they  know  that  an 
accident  situation  can  be  reconstructed  years  after  its  occurrence 
because  the  details*of  the  accident  have  been  recorded  properly^ 
and  accurately. 

The  fourth -reason  is  that  thorough  accident  investigation  is  very 
likely  to  uncover  problems  which  indirectly  contributed  to  the^ 
accident.  Such  information  benefits  accident  reduction  efforts. 
For  example,  ar  student  slips  on  an  oil  spill  and  is  injured.  The  oil 
spill  .is  the  direct  cause  of  the  accident,  but  a  thorough  investiga- 
tion might  reveal  other  factors:  poor  housekeeping,  failure  to 
follow  maintenance  schedule,^  inadequate  supervision,  faulty 
equipment  (e.g.,  a  lathe  leakingf)il),  etc. 

Along  with  these  four  primary  reasons  for  investigating  accidents, 
there  are  othefteasojisjihat  sixe  peripherally  important.  One  is^that 
the  investigation  can  pfd\ide4nformation  on  the  costs  associated 
with  accidents.  Costs  can  be  d^(ia^4pto  two  categories,  direct 
and  indirect:  . 

Direct  Costs: 

1.  medical  expenses  (doctor,  hospital,  etc.) 

2.  compensation  costs 

3.  property  dama^'^  (repairs,  equipment  replacement,  etc.). 
Indirect  Costs: 

1.  supervisor's  and  instructor's  time  * 

2.  liability  claims,  suits,  etc.    .  ' 

3.  insurance  premium  increases. 

Another  reason  for  conducting  a  thorough  investigation  concerns 
a  psychological  (as  opposed  to  a  material)  benefit.  The  investiga- 
tion itself  projects  a  good!  image  of  the  school's  interest  in  safety 
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and  health.  The  involvement  of  faculty  and  staff  in  the  investiga- 
tive process  promotes  Cooperation  which,  is  vital  to  the  overall 
safety  and  health  program. 

Despite  what  many  people  believe,  accident  investigation  is  fact- 
finding, not  a  faultfinding,  process.  When  attempting  to  deter- 
mine the  cause(s)  of  an  accident,  the  novice  is  tempted  to  con- 
clude that  the  person  inyolved  in  the  accident  was  at  fault.  But 
if  human  error  is  chqsen  when  it  is  not  the  real  causie,  the  hazard 
which  caused  the  accident  will  go  unobserved  and  uncontrolled. 
Furthermore,  the'  person  falsely  blamed  for  causing  the,  accident 
will,  respond  to  the  unjustified  corrective  action  with  contempt 
and  alienation.  Such  alienation  will  discourage  future  cooperation 
and  undermine  respect  for  the  schoofs  safety  and  health  program. 
The  intent  of  accident  investigation  is  to  pinpoint  causes  of  error 
and/or  defects  so  that  similar  incidents  can  be  prevented. 

When  an  accident  occurs,  it  indicates  that: 

•  som^e^thing  has  gone  wrong  in  the  process,  operation  or  tasks 

•  someone  failed  to  perform  a  task  properly 

•  aliazardous  condition  existed  without  adequate  safeguards 

•  '  a  newly  developed  process  or  substance  has  defects  and  dan- 

gers which  only  recently  have  become  known. 

Upon  determining  the  facte,  the  persons  who  investigate  accidents 
are  in  a  position  to  off  er  suggestions  involving: 

•  improvements  in  engineering 

•  changes  in  processes,  operations  and  tasks 

•  modifications  in  cuh:iculum  and  instruction 

•  imp  ro vemen ts  in  su  {iervision 

•  training  and  education. 

As  a  general  rule,  all  accidents,  no  matter  how  minor,  are  candi- 
dates for  thorough  investigation.  Many  accidents  that  occur  in  the 
industrial/vocational  school  are  considered  minor  because  their 
consequences  "are  not  serious.  Such  accidents-^r  "incidents," 
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as  some  people  interpret  them^are  taken  for  granted /and  often 
do  not  receive  the  attention  they  demand.  School  administrators, 
safety  and  health  committees  and  instructors  must  be  aware  that 
serious  accidents  arise  from  the  same  hazards  as  minor  "incidents." 
It  is  usually  sheer  luck  that  determines  whether  a  hazardous 
situation  results  in  a  minor  incident  or  a  ^serious  accident.  These 
people  also  must  realize  that  there  are  both  immediate  (direct) 
and  underlying  (indirect)  causes  whifh  could  indicate  possible 
administrative  failures.  *There  are  also  contributing  causes,  those 
that  are  the  product  of  negligence  by  some  person  or  organiza- 
tion that  permits  the  indirect  causes  to  exist. 

Accident  investigation  logically  begins  with  the  instructor  on 
the  site.  There  are  several  good  reasons  for  this: 

'  1.  The  instructor  is' the  person  who  is  on  the  scene.  He  can 
most  quickly  sire  up  the  situation,  call  for  assistance, 
isolate  the  hazard  and  write  down  names  of  eyewitnesses. 

^  2.  The  instructor  knows: 

N  ■ 

a.  the  students— their  educational  level,  experience  and 
personal  characteristics 

b.  the  equipment,  tools  and  material— how  they  are  oper- 
ated, their  peculiarities,  their  potential  to  cause  further 
damage 

c.  the  environment  in  which  the\student  and  shop  ma* 
chinery  ancLequipment  must  function. 

3.  The  instructor  has  both  a  personal  and  professional  in- 
terest in  student  and  shop  safety.  ^ 

However,  mere  physical  presence,  knowledge  and  interest  do  not 
ensure  that  instructors  wilh  make  good  accident  investigators. , 
But  with  experiejice,  training  and  guidance,  instructors  will  be 
able  to  ma^e  valuable^  contributions  to  the  investigative  process. 

When  instructors  participate  in  accident  investigation,  their  sense 
of  involvement  and  responsibility  increases.  On  the  other  hand, 
denying  instructors  this  opportunity  •  tends  to  undermine  their 
sense  ^of  responsibility  and  involvement  in  the  safety  and  health 
progr^  and  thein  sense  of  accountability  for  accident  prevention. 
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The  Shop  Safety  and  Health  Committee  Should  become  directly 
involved  with  investigating,  serious  accidents;  that  is,  those  that 
result  in  injury  to  students  or  faculty,  property  damage,  etc.  The 
Shop  Safety  and  Health  Committee  car;  provide  additional  ex- 
pertise to  support  and  complement  the  specific  knowledge  of 
^  instructors.  Its  involvement  indicates- widespread  interest  in  hazard 
'  control  and  the  safety  and  health  of  staff  aod  students.  Its  reports 
will  recommend  actions  and  improvements  to  keep  similar  acci- 
dents from  recurring. 

As  we  discussed  in  Unit  5,  it  is  necessary  for  the  Shop  Safety  and 
Health  Committee  to  become  involved  with  corrective  action.  The 
committee  must  routinely  follow  up  its  investigations  to  deter- 
mine the  status  and,  effectiveness  of  corrective  action  and  to  pro- 
vide the  stimulus  necessary  for  the  effective  functioning  of  the 
schooPs  safety  and  health  program.  A  lack  of  committee  concern 
or  involvement  will  be  reflected  in  the  stjidents'  and  instructors' 
attitudes,  resulting  in  an- ineffective  program. 

Immediate,  on-the-scene'  accident  investigatio.*-  provides  the  most 
accurate  and  useful- information.  The  longer  the  delay  in  ex- 
amining the  accident  scene,  interviewing  the  injurecLpar^4s)-.aiKL 
witnesses,  the  greater  the,  possibility  of  obtaining  erroneous  or 
incomplete  information.  The  accident  scene  changes,  ntemories 
fail,  and  people  taTk  fo  each  other.  Whether  consciously  or  uncon- 
sciously, witnesses  may  alter  their  initial  impressions  to  agree 
with  someone  else's  observation  or  interpretation. 

Prompt  accident  investigation  alsp  expresses  a  feeling  of  concern 
for  the  safety  and  well-being  of  students  and  school  staff. 

Conducting  an  accident  investigation  is  not  simple.  It  can  be  vjery 
difficult  to  look  beyond  the  incident  at  hand  .to  uncover  causal 
factors  and  determine  the  true  loss  potential  of  the  occurrence 
and  develop  practical  recommendations  to  prevent  recurrence. 

A  major  weakness  of  many  accident  investigations  is  the  failure 
to  establish  and  consider  all  factors—human^  situational  and 
environmental-that  have  contributed  to  the  accident.  Reasons  for 
this  failure  are: 

1.  inexperienced  or  uninformed  investigator 

2.  reluctance  of  the  investigator  to  accept  responsibility 
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3.  narrow  interpretation  of  environmental  factors 

4.  erroneous  emphasis  on  a  single  cause    "  '  / 

5.  judging  the  effect  of  the  accident  to  be  the  cause  ^ 

6.  aniving  at  conclusions  too  rapidly 

« 

7.  poor  interviewing  techniques 

8..  delay  in  investigating  accident. 

«  « 
The  trained  investigator  must  be  roady  to  acknowjedge  as  contrib- 
uting causes  any.  and  all  factors  that^may  have,  in  any  way,  con-  • 
tributed  to  the  accident.  What  may  at  first  appear  to  be  a  simple, 
uninvolved  accident  may,  in  fact,  have  numerous  -contributing 
factors,  which  may  become  more  complex  as  analyses  are  com- 
pleted. 

Investigators  are  responsible  for  safeguardipg  themselves  during 
the  investigation.  The  committee  must  consider-that:  » 

1.  In  many  ceases  the  scene  of  an  accident  is' more  dangerous 
than  it  was  prior  to  the  accident.  For  example,  electrical 
equipment  may  have  been  damaged  in  an  accident.^The 
investigator  must  make  certain  that  the  equipment  is 
disconnected  and,  if  necessary,  locked  out  before  he 
-  ''examines  it. 

^  2.  If  investigators^ must  work  aroui^  toxic  materials,  they 
should  use  protective  measures,  including  special  handling 
equipment, 

'  3.  Clear  responsibilities  sh9uld  be  established  and  delegated 
to  safety  committee  members.  If  tjiis  is  not  done,  con- 
fusion will^xist,  evidence  may  be  lost,  or  further  damage 
to  the  facility  may  occur. 

V  •  *  * 

0 

4.  Physical  evidence  is  sometimes  mishandled,  rendering  such 
*  evidence  useless  and  making  it  more  difficult  to  find  the 
cause(s)  of  the  acciden^t.  Thus,  if  this  evidence  were 
needed  in  a  legal  case,  the  fact  that  it  was  lost  or  impaired 
would  destroy  its  value. 
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During^ the  accident  investigation  many  questions  must  be  an- 
swered. Because  of  the  infinite  number  of  accident-producing 
si^ations,  contributing  factors,  causes,  etc.,  it  is  impossible  to 
provide  a  complete  list  of  questions  that  will  apply  to  all  accident 
investigations.  Here  are  some  questions  that  are  generally  ap{)li- 
cable  and  considered  most  often  by  accident  investigators: 

1/  What  .was  the  injured  person  doing  at  the  time  of  the 
accident?  Performing  an  assignment?  Shop  maintenance? 
Working  on  a  perspnal  project?  Assisting  another  person?. 


WHAT  TO  LOOK  FOR 


I 


2.  Was  the  injured  working  on  a  task  he  was  authorized  to  j 
do?  Was  he  qualified  to;  perform  the  task?  Was  he  familiar  ' 
with  the  process,  equipment  and  machinery? 

3.  What  were  other  students  doing  at  the  time  of  the  acci- 
•  'dent?  .  • ;  r  ^  .    ,  . 


4.  Was  the  proper  equipment  being*  used  for  the  task  at  hand  ' 
.  '    (screwdriver  instead  of  can  opener  to  open  a  paint  can,  file 

instead  of  a  grinder  to  remove  burr  on  a  bolt  after  it  was 

cut)?  .         '  A 

•  5.  Was  the  injured  person  following  approved'  procedures? . 
^  6.  Is  the  process,  operation  or  task  new  to  the  shop? 

7.  Was  the  injured  person  being  s^ervised?  What  was  the  prox- 
imity and  adequacy  of  sup^^f^ion?    ,  - 

^  8.  Did.  the  injured  receive  hazard  recognition  training  prior  to 
the  accident? 

9.  What  was  the  location  of  the  accident?  What  was  the 
physical  condition  of  the  area  when  the  accident  occurred? 

10.  What  immediate  or  temporary  action(s)  could  have  pre- 
vented the  accident  or  minimized  its  effect? 

11.  What  long  term  or  permanent  action(s)  could  have  pre- 
vented the  accident  or  minimized  its  effect? 

12.  Had  corrective  action  been  recommended  in  the  past  but 
not  adopted?! 


o  ■ 
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During  the  course  of  the  investigation,  the  above  questions  should  ' 
be  answered  to  the  satisfaction  of  the  .investigators.  Many  other 
questions  will  come  to-mind  as  the  investigation  continues.  They  " 
dso  should  be  recorefed.^A  model  accident  report  will  bfe^discussed 
later  in  this  unit.   '  ^  ^  . 

Interviewing  accident  or  injury  victims  and  ^witnesses  can  be  very 
difficult  if  the  assignment  is  not*  handled  properly.  The  individual 
being  interviewed  often  is  fearful  and  reluctant  to  provide  the 
interviewer  with  accurate  facts  about  the  accident  The  accident 
victim  may  be  embarrassed,  afraid  of  disciplinary  adion,  or  hesi- 
tant to  talk  for  any  number  of  re^ons.  A  witness  may  not  want  to 
provide  information  that  might  place  blame  on  friends,  fellow  ' 
students,  a  'favorite  instructor-  or  possibly  himself:  -To  obtain  the 
necessary  'facts  during  an^^mteWiew^  the  interviewer  must  first 
eliminate;  or  reduce  fear  aM  ampety  by  developing  rapport  with^ 
the  individual  being  interviewed.  It  is  essential  that  the  interviewer 
clear^the  air,  create  a  feeling  of  trust  and  establish  lines  of  com- 
munication before  beginning  the  actual  interview.  ' 

Once  such  rapplort,  has  been  developed,  the  foUowjng"  five-step 
method  should  be  used  during  the  actual  interview:  ^ 

1.  Discuss  the  purpose  of  the  investigation  and  the  interview 
(fact'findiiig,  not  faultfinding).  '     - ' 

2.  Have^the  individual  relate  his  version  of  the  complete, 
accident  with  minrnial'  interruptions.  If  the  individual . 
being  interviewed  is  the  one  who  was  injured,, ask  him  to 
explain  where  he  was,  what  he  ,was  doing,  how  he  was 
doing  it  and  what  happened..  If  practical,  have  the  injured 
person  or  eyewitness  explain  the  sequence  of  events  \yhich 
occurred  at  the  time  of  the  accident.  When  someone  is  at 
the  scene  of  the  accident,  he  will  be  able  to  relate  facts 
that  might  otherwise  be  very  difficult  to  explain., 

3.  Ask  questions  to  clarify  facts  or  fill  in  any  gaps.   ^       ^  . 

4.  The  interviewer  should  then  relate-  his  understanding  of 
the  accident  to  the  injured  person  or  eyewitness.  Through 
this  review  process  there  will  be  ample  opportunity^  to 
correct  any  misunderstanding  that  may  have  occurred  and 
clarify,  if  necessary,  kny  of  the  details  of  the  accident. 
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>  5.  Discuss  methods  of  preventing  recurrence.  Ask  the  indr- 
yidual*  for  suggestions  aimed  at  eliminating  or  reducing  the^ 
impact  of  the  hazards  which  caused  the  accident  to  hap-^ 
tpen.  By  asking  the  individual,  for  his  ideas  and  discussing 
them  with  him,  thd  interviewer  will  show  since!:ity 'and 
place  emphasis  on  the  fact-finding  piupose  of  the  investi- 
•  gation,  as  it  was  explained  at  the*  beginning  of  the  inter- 
view. 

The  follgwing  is  an  example  of  how  not  to'conduct  an  interview. 

Investigator:  O.K.,  Bill,  tell  me  how  you  cut  your  hand.  Start 
as  far  back  as  you  can  remember.  I  have  to  write  it  all  down. 

Bill:  Well,  it  l^as  like  this.  I  had  to  rip  a  4'  x  8'  (1.2  m.  x 
2.4  m.)  sheet  of  pjywood  on  fhe  table^saw,  and  I  knew  the 
guard  would  be  in  the  way.  So  I . . . 

Investigator:  You  took  it  off! 

Bill:  Well,  yeah,  I  did  but . . .  * 

k    Investigator:  You  Itnow  you  were  told  never  to  remove  the 
'  guard.  If  you  listened,  you  wouIdn^t  have  been  hurt. 

Bill:  Y^s,  I  know,  bu£  I  didn't  have  much  choice— 

Investigator:  That's  what  they  all  say.  Haven't  you  heard 
enough  fro'm  your  instrucfor  about  never  using  the  saw  with- 
out the  guard  in  position? 

Bill  (pensive  look— doesn't  answer) 

.Investigator:  See  what  happens  when  you  don't  listen!  Well, 
all  right,  be  more  careful  in  the  future  and  foIlDw  directions. 
Safety  is  important.  Do  you  understand  that? 

J5i7/ (nods  grimly) 

,  Investigator:  O.K.,  go  back  to  class  .now  and  remember  to  be 
•  more  careful  and  listen  to  your  instructor  or  youH  be  in 
trouble  again  soon. 

How  do  you  think  that  BUI  felt  at  the  end  of  this  interrogation? 
Do  you  think  that  Bill  will  think  twicfe  about  reporting  a  minor 
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injury  again?  The  investigator^s  first  shortcoming  was  that  he  acled 
and  sounded  as  if  he  was  disgustecj'  because  he^  had  to  make  out  a 
report.  He  put  the  student  on  the  defensive  right  at  the  start.  He 
interrupted 'and  didn't  let  the  student  finish.  He  was  imp^ei^nal 
and  abrupt.  At  no  time  did  he  express  sympathy  or  concern  for 
the  student's  injury.  He  even  terminated  the  interview  on  a  sour 
note:  To  top  it  all  off,  he  never  acquired  a  complete  understanding 
of  the  accident.  ^  .  *  • 

The  following  illustrates  the  correct  method  of  conducting ^an 
interview.  ^ 

'    Investightor:  How/s  your^hand,  Bill?  Does  it  still  hurt?  Did  you 
get  ptoper  cafe  fromihe  schcK)!  nurse? 

Bill:  Yes,  sir,  thank  you.  Sb"e  did  a  good  job;  The  cut  wasn't 
too  deep,  and  itshould  heal  O.K.        "    -  • 

Investigator:  Well,'  Bill,  I  would  like  to  take  a  little^  of  your 
lime  to  go  over  whathappened.  Before  you  tell  me,  Pd  like  to 
•  tell  you  why  I  think  it  is  Important  to  check  out  every  injury 
occurring  in  our  school.  Quite  simply,  by  going  yver  accidents 
carefully,  9ften  a  lot  jcan  be  leame^  to  preverit^si'milar  acci- 
dents in  the  future.'Please  don't  take  the  questions  I'm  about 
to  ask  personally,  and  don't  worr^'  about  admitting  Ihjt  you* 
did  something  wrongs  I'm  not  trymg  to  blame  anyone.  What  F 
learn  from  you  may  prevent  another  student  from  being  iii^ 
jured  in  the'future.  , 

Bill:  I  understand,-and  I'll  do  my  best  to  help.  - 

Investigator:'  O.IL,  let's  go  over  to  where  you  were  when  the 
accident;.  occunrW.  (They  arrive  at  the  table  sav*area  in  the 
*  shop.)  Bill,  will  you  .explain  what*you  were  doing  and  hqw 
you  were  doing  when  the  accident  happened?  Take  your 
time,  and  try  to  remember  as  many. things  as  you  can  which, 
occureed  just  before  the  accident.  * 

•  • 
Bill:  I  had  to  rip  a  4'  x.8'  (1.2  m.  x  2.4  m.)  sheet  of  1/2" 
(1.3  cm.)' plywood.'  Since  tlie  portable  circular  saw  was  bro- 
ken, I  had  to  either  cut  it  b^hand  or  use  the  table  saw.  Of 
course  I  knew  that  the"  saw  guard  would  be  in  the  way  so  I 
removed  it  and  made  the  cut  with  no  problem. 

InvestigatSr:  Well,  then,  how  did  you  cut  your  hand?  ' 
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Bill:  I  know  it  soutids  dumb,  bdt  when  I  was  placing  the  guard 
back  pn  th^  saw,  I  leaned  over  to  make  sure  it  was  aligned 
correctly.  As  I  did,.  I  slipped  *on  something  and  pushed  my 
hand  onto  the  blade. 

Investigator:  Was  there  sawdust,  oil  or  anything  else  on  the 
floor  Mn  the  area  of  the  saw?     like  this  sawdust  (pointing  to  ^ 
the  floor)? 

Bill:  There  probably  wao.  Some  guys  never,  clean  up  after 
finishing  their  work.    ,     -        •  ... 

Investigator:  Well,  Bill,  let  me  see- if  I  have  a  clear  picture  x)? 
this.  ^You  didn't  cut  your  hand'  v^jiile  the  saw  was  running. 
You  did  it  w||ile  installing  the  guard'' that  you  removed  to  get 
your  job  dorie.  While  you  were  installing  it,  you  slipped  and 
jammed  your  hand  against  the  blade,  '  "T* 

Bill:  VVell,  not  when"  I"  was  putting  .it  on— when  I  was  making 
the  final  alignment. 

^  Investigator:  O.K.  Bill,  how  do  you  think  this  accident  could- 
have  been  prevented? 

^ill:  If  the  portable  sa\y  had  been  avaUable,  I  probably  wouldn't 
have  got  hurt. 

Investigator:  We'll  get  that  saw  fixed  right  away.  What  about 
the  table  saw? 

« 

Bill:  I  should  -have  told  my  instructor  ^and  got  some  help. 
Also,  if  we  had  one  of  those  swing-type  guards  I've  seen,  I 
wouldn't  have  had  to  remove  the  guard. 

Investigator:  That's  a  good  idea.  I'll'^recommend  that  the 
school  look  into  purchasing  9ne.  Any  suggestions  about  the 
sawdust  on  the  floor? 


e  noorY  f 
ril  j4ke! 


.  5/7/  (smiling):  I'll  j^ake  sure  that  I  sweep  the  area  around  shop 
equipment  before  I  go  to  work.  It's  no  big  deal. 

Investigator:  O.K.,  Bill.  I  appreciate  your  cooperation  -nd 
your  suggestions.  One  thing  more:  the  next  time  you  need  to 
change  a  stan(ferd  procedure  in  order  to  get  your  work  done, 
let  your  instructor  know  about  it  before  yca  start. 
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Bill  (grinning)r  All  I  can  say  is  tha^il  will.  ThanksS 

The  preceding  example  suggests  ways  to  conduct  an  interview. 
In  this  case  the  investigator  was  friendly  but  at  the,  same  time 
created  an  image  of  competence.  Ke  t^ook  the  time  to  tell  Bill 
what  he  wa5  doing  and  why.^He  conducted  his 'interview  at  the 
^ene,  not  in  an  office  far  removed  from  where  the  accident  oc* 
cuned.  He  listened  without  intenupting^  was  not  s^castic  and 
didn't  appear  to  blame  Bill  for  the  accident.  In  this  way  he  found 
that,  the  apparent  cause  of  the  accfdent  was  not  the  real  cause.  He 
carefully  and  expertly  guided  the  student  into  making  practical 
•suggestions  for  conecting  the  hazards.  In  c6nclu$i6n',  he  washable 
to  encourage  the  studtnt  to  sgek  help  without  putting  him  on  the 
defensive,  ^  ' 

All  accident  investigations  do  not  go  as  smoothly  as  the  one  in  our 
example.  However,  I5y  usiiig  \he  techniques  offered  in  this  unit 
and  formuTating  an  approach  along  t|ie  general  guidelines  offered 
in  the  second^  interview,  *an  instructdr  or  department  head  can 
conduct  effective  accident  investigations,  acquire  the  data  needed 
to  pinpbint  the  cause(s)  of  the  accident  under  investigation  and 
encourage  student  participation  in  the  investigation  process. 

Interviewers  should  renjemner  and  follow  these  important  guide- 
lines: 

1.  ConduQt  interviews  as  soon  after  the  accident  as  practical. 

2.  Delay  interviews  with  the  mjured  until«  he  has  received 
medical  treatment,  no  matter  how  minor  his  injuries.  If 
the  injured  feels  that  his  best  interests  are  being  placed 
SQ^ond  to  ^  report,  he  is  not  apt  to  cooperate.       . , 

3.  Interview  onei^Derson  at  a  tmie. 

4.  •  Avoid  making  witnesses  feel  tliat  they  are  informers. 

5.  Be  diplomatic. . 

6.  Put  v/itnesses  at  ease. 

7.  Explain  the  purpose  of  the  investigation. 

8.  Keep  questions  as  simple  as  possible.        '  ' 
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9.  Avoid  the  implied  answer  or  leading  question. 

10.  Never  ridicule  a  witnefes.  ^ . 

11.  Give  the  person  being  interviewed  the-  opportunity  to 
^  preoent  his  ^rsion,  in  its  entirety,  withou^  interruption. 

12.  Review  the  details  of  acquired  information. 

13.  Discuss  n;i^ods  to  pretent  recurrence. 

Many  good  report  forms  exist  for  recording  the  facts  surrounding 
an  accident  situation.- At  the  very  least,  accident  reports  need  to 
contain  the  following:   •  .  •  . 

1.  identification  ot  persons  involved  (name,  address, -age,  etc.) 

2.  time  of  accident  (hour,  day,  month) 

3. ^  place  of  accident  (specific  location  in  school)  . 

4.  type  of  injury 

5'.  identification  of  all  witnesses  " 

6.  severity  of  injury  (amount  of  lost  time,  cost  of  injury, 
name  of  attend/ng  doctor  or  first  aid  attendant,  record  of 
treatment)    *  - 

^      »'  • 
7i.  description'of  property,  and  material  damage  ^ 

'  8.  exact  description  of  the  accident- 
ia 

^  a.  a^fulhdescripiion  of  the  accident  stating,  for  e^^ample,  * 
^hether^'the  person  fell'  or  was  struck,  and  alj  the 
factors  contributing  to  the  accident  ^ 

b.  identification  of  the  machine,  tool,  appliance,  gas, 
^    .        liquid  or  other  agent  which  was  most  closely  associated 

^      .   with  the  accident 

c.  if  a  machine  or  vehicle  was  involved,  identification  of 
the  specific  part  involved  (e.g.,  the  gears,  pulley  or 
motor) 


ACCIDfl^T  REPORT  F'ORMS 

*  31 
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RECORDING  AND 
CLASSIFYING  ACCIDENT 
DATA 


Relevajit  Items  on  Accident 
Record  Form 


d.  a  judgment  about  the  way  in  which  the  machine,  tool, 
etc.,  was  unsafe 

e.  description  of  mechanical  guards  or  other  safeguards 

*  (e.g.,  safety  goggles)  which  w8're  provided 

f.  statement  about  whether  the  person  or  persons  used , 

*  the  safeguards  provide'd 

g.  description  of  the  unsafe  ion  which  resulted^  the 
accident  (e.g.,  removed  sa£ety  screen  from  p»U!ey,  did 
not  wear  goggles,  etc)  ^ 

h.  opinion  about  ways  of  preventing  additional  accidents 
of  this  type.2 

The  Industrial  A^bcational  Education  Accident/Injury /Exposure 
Report  Form  (Figure,  11,  Appendix  A)  may  be  used  by  instruc- 
tors or  Shop  Safety  and  Health  Committee  members  to  record  the 
facts  relating  to  an  accident.  The  fQrm's  layout  allows  the  user  to 
record  relevant  information  quickly; 

• 

Ultimately,  the  data  on  each  accident  report  form  must  be  re- 
corded and  classified  in  such  a  manner  that  important  relation- 
ships may  be  drawn  and  decisions  made  by  'members  of  the 
safety  and  health  committees  concerning  accident"  reduction.  The 
Shop  Safety  and  Health  Committee  Accident  Record  Form 
(Table  5,  Appendbc  B)  may  prove  helpful  in  recording  and  pre- 
senting accident  information.  ^ 

Before  each  meeting  of  the  Shop  Safety  and  Health  Committee, 
the  chairman  sees  to  it  that  all  accidents  are  summarized  on  the 
record  form  so  that  they  can  be  reviewed  by  the  entire  committee. 
Copies  of  the  com;)lete  report  should  also  be  available  for  the 
committee's  use.  • 

* 

Among  the  facts  important  in  a  summary  are  the  following: 

1.  Case  number— the  number  assigned  to  each  report  for 
future  identification  and  recall  (e.g.,  79-1) 

2.  Name  of  injured  person 
'3.  Date  of  injury 
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^  4.   Where  accident  mappened-specific  place/area  where  acci- 
dent occureld  (otg.,  machine  shop/lathe  area) 

5.  Nature  of  injury-type  of  physical  injury  (e.g.,  cut,  abra- 
sion, chemical  burn) 

6.  Body  part-the  part  of  body  injured  (e.g.,  left  thigh, 
lo\^er  ribs) 

7.  Source  of  injury-the  pbject,  substance,  exposure  or 
bodily^motion  which  directly  produced  the  injury  (e.g., 
saw  blade,  abrasive  wheel) 

8.  '  Tools,  equipment' used-the  tools,  equipment  or  machines  ^ 

used  when^he  accident  occurred  (e.g.,  metal  latlie) 

9.  Time  /osMlie  actual  number  of  days  and  hours  lost  ^s  a 
result  of  the  accident 

.    10.  Hazardous  condition— the  condition,  which  3irectly  caused 
the  accident  (e.g:,  improperly  guarded  saw,  oil  spot  on 
.  floor) 

11.  Human  errors—the  act  of  commission  or  omission  which . 
directly  caused  the  accident  (e.g.,  operating  without 

^  ^  authority;  horseplay;  operating  at  unsafe  speed;  misread- 
ing instruments;  failing  to  follow  instructions) 

12.  Instructor/supervisor-person  who  wasf  supervising  student/ 
staff/faculty  member  at  time  of  accident 

13.  Costs: 

a.  medical  (doctor  and  hospital  costs  associated  with  the 
injury) 

b.  other  (noninsured  costs  such  as  administrative  time, 
^  investigation  time,  additional  training,  compensation 

costs). 

It  will  be  the  duty  of  the  Shop  Safely  and  Health  Committee  to 
review  the  accident  record  forms,  to  recommend  action  and  im- 
provements to  prevent  similar  accidents  from  occurring  in  the 
future,  and  to  see  if  general  patterns  emerge  which  may  point  to 
previously  undetected  hazards  or  weaknesses  in  the  health  and 
safety  program. 
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In.structor  has  participants 
fill  out  Accident  Record 
Form  (Tabl^  5)  based  on  the 
accident  interview  described 
earlier  in  this  unit. 
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NOTES: 

1.  Adapted  from  ''Evaluation  and  Control  of  Workplace  Ac- 
cident Potential,"  NIOSH  (January  1978),  XIV,  14-15. 

2.  Adapted  from  "Evaluation  and  Control . . XIV,  15—17. 


QUESTIONS  AND  ANS\^^ERS 

\ 

\ 

1.  There  are  four  important  reasons  for  investigating  accidents  in  the  sthool  shop.  Name 
,  them. 

 t  

a.  to  find  out  what  caused  the  accident 

b.  to  provide  information  for  preventing  similar  accidents 
frpm  occurring 

c.  to  document  facts  for  possible  compensation  and  litigation  '  ^ 

d.  to  uncover  problems  which  indirectly  contributed  to  the  ^ 
accident. 


2.  Why  should  minor  accidents  receive  the  same  attention  as  the  major  ones? 


Serious  accidents  arise  from  the  same  hazards  as  minor  inci- 
dents. It  is  usually  sheer  luck  which  determines  whether  a 
hazardous  situation  results  in  a  minor  incident  or  a  prions 
accident. 


3.  .Who  should  investigate  accidents?  Why? 


Instructors  should  take  a  prominent  role  in  accident  .investi- 
gation. They  are  on  the  scene,  they  are*  most  aware  of  the 
student,  machine  and  environmental  relationships,  and  they  * 
have  a  personal  and  professional  interest  in  shop^afety.  Shop 
safety  and  health  committees  should  also  become  directly 
involved  with  serious  accidents.  Their,  involvement  provides 
additional  expertise  to  complement  the  specific -knowledge  of 
instructors,  ^ 
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.:  

4.  What  is  the  most  important  thing  to  do  before  beg^ning  an  accident  interview? 
Establish  rS^port  with  the  person  being  interviewed. . 


5.  What  are  the  five  steps  in  conducting  an  interview? 

a.  Discuss  the  purpose  of  the  investigation  and  the  mterview. 

b.  Have  the  individualffcelate  his  version  of  the  complete 
"accident  v;ith  minim'al  interruption. 

c.  Ask  qu^tions  to  clarify  facts  or  fill  iji  gaps.      ,  ^ 

d.  "  Relate  your  urfderstanding  of  the  accident  (as  the  inter- 

viewer). 

♦ 

e.  Discuss  methods  of  preventing  recurrence.  • 


/ 


V 
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INDUSTRIALA^OCATIONAL  EDUCATION  ACCmENT/INJURY/EXPOSURE  REPORT 
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INDUSTftlAL'/VOCATIONAL  EDUC/> 


Case/Report/f  ile  No.. 
Name  of  Injured-.^  


Personnel  Classification: 
Maintenance  (  ) 


Student  (  ) 

Other  (  ) 


Instructor  ( 
Specify  


ACCIDENT  DESCRIPTION 


Date  of  Accident  1 


TInie  of  Acddent  (24  hour  clock) 
.  Acddent  Type  (Non-Vehicular)  . 

Struck  against  

Struck  by^  ! . . 

Fell  i  . . . 

Slipped/Tripped  

Caught  in,  under,  between. . 

Rubbed  or  abraded  

Overexerted  


Contacted  (electrical,  solvent,  acid,  etc.)  .... 

Exposed  to.  

Source  known/Specific*  .  ^  

'  ^  Source  unknown/Nonspecific  

(qpMPLETE  "EXPOSURE  EFFECTS") 


EXPOSURE-EFFECTS 


•Dizziness,  loss  of  balance  

Fainting/loss  of  consciousness  

toughing,  difficult  breathing;  sneezing 

Rash,  skin  irritation . .  .   

Other  ' 


Complaint  of: 

Headache  -  

*        Loss  of  memory  

Pain,  discomfort  

'  Sore  throat  •  ,  . . .  . 

Other 

Chill/Cold   ...^ 

Disorientation  


Source  of  accident  (example:  metal  lathe). 


©copyright  RJF  Associates,  Inc.,  1979. 
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IN  ACCIDENT/INJURY/EXPOSURE  REPORT 

.  School  Name!  -  

o 

Shop  Where  Accident  Occurred:  :  


DESCRIPTION  OF  INJURED  (all  that  apply): 

Age/Birth  Date  of  Injured  [  

Sex  Male  (   )         Female  (  ) 

Years  Experience  in  Occupation  (School  Staff)  yrs. 

Grade  Level  (Student)  

Did  Student  Receive  Safety  Training  for^Task   Yes  (-  )    No  •(  ) 

Time  Since  Last  Safety  Course  months  .Unknown  (  )    NA  (  ) 

Task  Performed  at  Time  of  Accident  (Required  Project,  Maintenance, 

Personal  Project,  etc.):  ,  '  "  

Years  Experience  with  Tool,  Machine,  Etc., 

Involved  in  Accident  J  :  

Certified  by  Inspector  to  Perform  T^k  -   Yes,(  )    No  (  ) 

No.  of  Accidents  In  Previous  4  Years  

Temporary  Illness  (example:  flu)   (  ) 

Affected  by  Medication  or  Drugs  "   (  j 

Operated  According  to  Safe/Approved  Practices   (  ) 

Used  Proper  Equipment   j  j 

Used  Equipment  within  Design  Limits  .  [      (  ) 

Misread  Instruments.   (  ) 

.  Mislead  by  Faulty  Instrument  .  /.  /.  ]  .      (  ) 

Equipment/Structure  Restricted  Vision   (  ) 

Equipment/Structure  Restricted  Hearing  '   (  ) 

Equipment/Strdcture  Restricted  Movement   ,(  ) 

Working  on  Moving  Equipment   H(  j 

Operated  without  Authority   ) 

Failed  to  F/-"ow  Emergency  Procedures   (  ) 

.  Appropriav.  PE  Used   Yes  (  )    No  (  ) 

Was  Injured  Involved  in  Horseplay?   Yes  (  )    No  (  ) 

Were  Safety  Devices  Made  Inoperative?   Yes  (  )    No  (  ) 

Operating  at  Unsafe  Speed   Yes  (  )    No  (  ) 


Figure  11 
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(Draw  a  line  from  injury  to  body  part(s). 
For  multiple  injuries,  draw  multiple  lines.) 


NATURE  OH  INJURY" 

BODY  PARTIS) 

— =-r — '■  —-t  

O  pro  III                       /  • 

neau 

Eye 

oirdin  J 

Face 

Par  \ 

car  \ 

t#oniusion/Druise 

Neck 

Abrasion 

bno^lder 

Ch^st 

> 

Ljngs 

L.acc  ration 

ADComen 

oacK 

Puncture 

Buttocks 

Groin 

Dums  tneai/riame/uncTicai) 

Upper  arm 

CiDOW 

rracture 

Forearm 

Wrist 

Bites/Stings 

Hand  " 

Finger 

Chest  Pains 

Thigh 

Lower  leg 

Respiratory 

Ankle 

'  Foot 

Amputation 

Toe 

Knee 

Foreign  b9oy  in  eye 

Other 

Electrical  shock 

Unknown;  collapsed  or  unconscious   (  ) 

Recurrence/Aggravation  of  previous  injury   Yes  (    )     No  (  ) 

Illness,  if  diagnosed  fdesrribe 

Fatality  ,  *   Yes  (    )    No  {  ) 


ENVIRONMENTAL  DESCUIKTION  (all  that  apply) 


Illumination/Lighting  Sufficient   •  •  •  •      Yes  {    )  No 

Ventilation  Sufficient   Yes  (    )  'No 

Chemicals  (if  known,  describe)  h  •  »  ' 

Fumes  

Vapo^  :  ^  

Mists  LJ   T 


Smoke 
DUs^s  - 


Static  Electricity . 


10  * 
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(SITUATION  DESCRIFTiON  (all  that  apply): 


Characteiistks  of  Immediate  Supervisor 

No.  of-Students/Employm  Supervised  

Did  Supervisor  Observe  Accident?   Yes  (  ) 
No.  Years  Experience  as  Supervisor,  i^yrs. 

Tools  and  Equipment  (if  used  at  time  of  inbfiry ) 


No  (  I 


DESCRIPTION 

manuf/i|ctorer 

r  -   

APPROX.  AGE 

PART  OR  COMPONENT  FAILURE  (if  yes;  name) 

1  - 

Yes;!'  )       No'(  » 

\ 

Yes  (    /     No  <  '» 

V 

Yes  {    )       No  7    »■   '  U 

.10 


Safeguards  or  Faitsafe  Devicei  Operating  .  .  .  /  Yes  (  )  No  ) 

Equipnwit  Grounded     Yes  (  )  No  (    ) . 

W»  PPE  relating  to  injury  type  ^ 

and  txKly  part  available?   Yes  (  )  No  (  ) 

Personal  Protective  Equipment  (PPE)  if  associated  with  injury^ 


Was  hazardous  condition'caused  by: 

Improper  USE  of  niaterials?  . .  .    Yes.  (  - )  No  (  ) 

Improper  HANDLING  of  materials?   Yes  (    )  No  (  ) 

Improper  STORAGE  of  materials?   Yes  (    )  No  {  ) 


ARTICLE 


MANUFACTURER 


XT 


DESCRIPTION 


APPROX.  AGE 


PART  OR  COMPONENT  FAILURE  (if  yes,  name) 


NON-OSHA  RULES/REGULATIONS  APPLYING  TO  ACCIDENT- 

AUTHOR  ITY/SO  U  R  CE 

CODE  NO./ 
REFERENCE 

PERTAINS  TO 

School                              (  ) 
 _  \^ — 

Shop                              (  ) 

— i  

State  (includes  StateOSHA)      (  ) 

• 

Other  ( 
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VEHICULAR  ACCIDENT  SUBSET 


Manufacturer/Make  of  Vehicle. 
Mode)/Tvpe      *  !L_ 


Year  of  Manofacture. 


Ownership/Agency_ 


Individuai  Ownership. 


Injured  was  . . .  Driver    (  ) 
Passenger    (  ) 

ACCIDENT  DESCRIPTION  (Vehicular  only) 

Contact  with  another  moving  vehicle 

In  opposite  direction  . 

In  same  direction.  

At  intersection  

Cohtact  with  a  standing  vehicle  or  stationary  object 

In  roadway  \  

At  side  of  road  ^  \  . 

Struck  by  another  vehicle  while  standing  in  roadway  

Struck  by  another  vehicle  while  standing  off  .roadway  

Npn-collision  accid^ts 

Overturned.   

Ran  offj-oadway  

Sudden  stop/start  (throwing  occupants  out  of  or  against 
parts  of  the  vehicle  or  throwing  contents  of  vehicle 
against  injured)  :  .      (  ) 

Point  of  impact  t  


OCCUPANT  DESCRIPTION  (all  that  apply):  ^ 
Derating  On/Off  Road  .  ,  .   \   *  On  Y  )    Of f  (  ) 


S^ety  Equipment  Used 


Years  Driving  Ex{>erience  yrs. 

Prior  Experience  with  Vehicle  Type 


Yes  (    )     No  (  ) 


Yes  No  (  ) 

4 


SITUATIONAL  DESCRIPTION  (Vehicular  only) 

Estimated  Speed  of  Travel!  MPH 

Speed  Limit__:  MPH 

Vehicle  Mileage  :  


ENVIRONMENTAL  DESCRIPTION  (Vehicular  only). 


Type  of  Surface 

Surface  Condition 

Road  Configuration 

.      (if  applicable) 
^  

 % 

Dry                     (  ) 

Ice                     (  ) 

Straight               (  ) 

Curve                  (■  ) 

Wet  .\    (  •) 

Bank                  (  ) 

Loose  Gravel  .  .    (  ) 

Dirt  .  .\              (  ) 

Other                  ('  ) 

Snow/Slush  ...    (  ) 

Mud...'             (  ) 

Other                  (  ) 

Curve  alid  Bank.    (  ) 
Intersection  ...    (  ) 
Other                 •(  ) 

IDENTtFIERS  (all  that  apply): 

Social  Security  No  it  

Home  address  of  Injured ,  

Name  of  Parent/Guardian  ^  \   . 

Address  of  Parent/Guardian  "  

 Tel.  Number  

Location  of  accident  1  

Was  accident  on  school  premises?   Yes  {    )     No  {  ) 

Name  of  attending  physician  

Address  of  physician  z!  

Name  of. hospital  

Address  of  hospital  

 *  -  *  h» 

DISPOSITION  OF  CASE  (all  that  apply) 


Work/School  Days  Lost.  

Work/Classroom  Restriction 


Termination/Retired    {  ) 

Disablement,  Type 

Temporary,  partial   {  ) 

Temporary,  total   {  ) 

Permanent,  partial .  .    {  ) 

Permanent,  total   {  ) 

Witnesses:  ^ 

Name  Address  TeL  No. 


13^' 


Description  of*Property  Damage  

'  \  ;   ^ 

,  Recommendations  to  Prevent  Similar  Accidents  ;  


Certified  by  Injured: 

I  have  examined  this  report  and  certify  that  it  accurately  represents 
the  facts  associated  with  this  case. 

^  Signature  {first  and  last  name) 

Date  ' 
Report  prepared  by  

Official  position  ,  

Date  ,  

Verified  by  School  Administration: 

Name  \  Titie 

< 

Date 

Workers  Compensation  Cost: 

Indemnity  

Medical:  
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SHOP  SAFETY  AND  HEALTH  CpMMITTEE  ACCIDENT  RECORD  FORM 


■  r 


1  r>r^ 

-L   KJ  ^ 


Ptftod  From. 
To_ 


TABLE  5 


SHOP  SAFETY  AND  HEALTH  COMMITTEE  ACCIDENT  RECORD  FORM 


School: 


Namt 


,       1  of. 


Addrtts 


Cm 

No. 


ln}ur»d 
P^inon 


Dsttcf 

Injury 


Accidtnt 
H«pp«n«d 


Nttur«of 

Inlury 


P»rtof 
Body 


Soorc*  of 

Injury 


TooU/ 
Equipfntht 
UMd 


T?mt 
Loct 


Hmrdous 
.Condition 


Human 

Error 


Instructor/ 
Suptrvisor 


A 

Comp 


Com 
8 

Mtdical 


C 
Othtr 


79-1 


William 
Smith 


9/8/79 


Wood 
Working 
Shop  ~ 

T|«>ltSM¥ 

Arta 


Lactration 


Uft 
Hand 


SawBtadt 


TablaSaw 


1/2 
Day 


Unguardad 
SawBlada 
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UNIT? 

SAFETY  AND  HEALTH  INSPECTION  TECHNIQUES 


METHODS 
PURPOSE 


Lecture  and  Demonstration 


LENGTH:  60  Minutes 


OBJECTIVES 


/SPECIAL  TERMS 


INSTRUCTOR 
MATERIALL 


TRAINEE 
MATERIALS 


To  provide  the  participant  with  an  understanding  of  the  inspection  process  and 
the  ability  to  carry  out  an  effective  safety  and  health  inspection  in  an  indus- 


the  ability  to  carry  out  an  

trial/vocational  education  setting. 


To  introduce  the  participant  to: 


1*^  Purposes  of  inspection  - 
2*  Types  of  inspection 

3.  Persons  involved  in  inspection  process 

4.  Techniques  of  safety  and  health  inspection 

5.  Methods  of  recording  and  displaying  information  from  inspections 


1*  Inspection 
2.  Efficiency 
3*  Effectiveness 


Lesson  Plan 

35  mm  Slides^  Ftojector  and  Screen  * 
Overiiead  Transparencies,  Projector  and 'Screen 
Chalk  Board/Chalk 


Participant  Outlines  and  Supplementary  Materials 
Inspection  Summary  Report 
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UNIT? 

SAFETY  AND  HEALTH  INSPECTION  TECHNIQUES 


During  the  discussion  of  hazard  control  processes  in  Unit  3,  safety 
and  health  inspections  were  shown  to  be  essential  parU  ot  the 
hazard  control  process*  This  unit  will  concentrate  on  how  inspec- 
'  tions  are  conducted  and  how  the  information  is  used  to  improve 
safety  and  health  in  mdustrial/vocational  education. 

For  our  purposes,  we  will*  define  "inspection"  as  a  monitoring 
survey  conducted  m  the  workplace  to  locate  and* report  existing 
and' potential  hazards  which  have  the  capacity  to  cause  accidents. 

The  inspection  process  can  be  approached  from  either  a  negative 
or  a  positive  viewpoint:  • 

>• 

1.  faultfinding,  with  emphasis  on  criticism 


INTRODUCTION 


2. 


fact-fmding/with  emphasis  ou  locating  potential  hazards 
that  have  an  adverse  effect  on  tbe  operation  m  terms  of 
safety. 


As  we  discussed  m  Unit  6,  the  second  viewpoint,  which  empha- 
sizes fact-finding  instead  of  faultfinding,  makes  the  most  sense  and 
,  is  the  one  which  should  guide  our  efforts  during  inspections. 

Every  school  shop  and  eacji  of  its  processes  and  operations  con- 
tains some  existing  or  potential  hazards  which  arise  through 
normal  "working  or  production  procedures  or  through  changes  or 
-tnodification.  One  way  of  keeping  abreast  of  hazards  iinhe  school 
shop  is  through  continuous  and  periodic  inspections  of  work- 
places. Such  inspections  should  be  made  mandatory.  - 

'  There  are  two  valid  purposes  behind  safety  and  hBalth  inspections. 

1.  The  primary  purpose  of  inspection  is  to  detect  potential 
hazards  so  that  they  can  be  corrected  before  an  accident 
occurs.  Through  inspections  it  is  possible  to  determine 
those  conditions  which  need  to  be  corrected  or  improved 
'to  bring  school  shop  operations  up  to  at  least  minimally 
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DEFINITION  OF 
Il^Sl»ECnON 


PHILOSOPHY  BEHIND 

msPEcnoN 


Inspections  Are  Essential 
and  Mandatory  ^, 


PURPOSE  OF  INSPECTIONS 
Detect  Hazards 


Safety  and  Health  Inspection  Techniques 


Offer  Improvements  and 
Corrections  to  Increase 
Efficiency  and  Effectiveness 

TYPES  OF  INSPECTIONS 


Periodic  Inspections 


Continuous  Inspections 


WHO  SHOULD  MAKE 
INSPECTIONS  ' 

Instructor  * 

Continuous  and  Daily 
Inspections 


acceptable  stcmdards,  both  from  safety  and  operational 

standpoints.  ^ 

*.  > 

2.  A  secondary  purpose  of  insp^ion  is  to  offer  improve- 
ments and  corrections  to  improve  overall  operations  and 
increase  efficiency  and  effectiveness. 


Safety  and  health 
continuous. 


in^^ecti 


ections  can  be  classified  as  eitherperiodic  or 


A  periodic  safety  and  health  inspection  is  deliberate,  thorough  and 
systematic  by  design.  Such,  inspections  are  often  conducted  by 
.  .  safety,  arid  health  coni^mittees  on  a  monthly  or  bi-monthly  basis. 
)  The  advantage  of  this  type  of  inspection  is  that  it  covers  all  areas 
and  allows  the  detection  of  changes  in  operations,  equipment,  etc., 
Asi  time  fpr  effective  countermeasures  to  be  provided. 

Continuous  or  ongoing  inspections  should  be  conducted  by 
instructors,  department;  heads,  students  and  maintenance  per- 
sonnel as  part  of  then:  instructiontJ,  suoervisory  or  maintenance 
responsibilities.  Continuolts  inspection  involves  noting  an  apparent 
or  potential  hazardous  condition  or  unsafe  act  and  either  correct- 
ing it  immediately  or  making  a  report  to  initiate  corrective  action* 
The  ultimate  goal  of  a  good  safet^  and  health  inspection  program 
is  to  promote  vigilance  on  the  part  of  each  instructor  and  student 
to  examine,  correct  if  possible,  and  report  any  condition  which 
has  accident  potential  This  cpntinuous  shop  montoring  function 
is  critical  to  a  successful  program  and  should  become  second 
nature  to  the  instructor  and  student. 


Safety  and  health  irt&pections  must  be  conducted  by  several  per-' 
sons  in  the  organization.  - 

The  instructbr  must  make  continuous  inspections  and  be  ever  alert 
to  changing  conditions,  operations  an  J  work  methods.  Some  shop 
operations  may  require  the  instructor  to  make  several  inspections 
over  the  course  of  the  insthictional  session  to  be  certain  that  all 
safety  precautions  are  being  taken* 

To  be  sure  that  there  are  no  unsafe  conditions  to  which  students 
may  be  exposed,  the  instructor  should  make  his  inspections  at  the 
beginning  of  each  day  and,  for  certain  equipment,  at  the  begin- 
ning of  each  feeriod.  . 

X  - 
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The  student  shop  foreman  will  perform  daily  inspections  .at  the 
beginning  of  each  instructional  period.  , 

Department  heads  play  a  key  role  in  the  shop  inspection  program. 
Each  week  these  supervisors  should  make  the  rounds  of  the  shops, 
recording  unsafe  conditions  and  practices  and  forwarding  the 
information  gathered  to  the- instructor  in  charge  and/or  the  Shop 
Safety  and  PJealth  Committee  if  conditions  warrant.  When  a  de- 
partment head  makes  a  regular  inspection,  it  reinforces  his  ii^terest 
in  the  school  safety  and  health  program  and  inspires  interest  and 
cooperation  in  others. 

'  The  Shop  Safety  and  Health  Committee  is;  responsible  for  all 
formal  inspections.  This  committee  includes  department  he^ds, 
instructors,  student  shop  foremen,  maintenance  personnel  and, 
when  applicable,  a  teachers'  association  representative.  The  diverse 

^  knowledge  of  committee  members  will  reveal  hazards  which  other- 
wise might  be  overlooked^by  persons  less  familiar  with  shop  opera- 
tions or  by  people  experienced  with  only  one  type  of  shop  en- 
vironment.   '  > 

Schedules  should  be  established  to  permit  the  commjttee  to 
accomplish  a  thorough  inspection  within  the  constraints  of  mem- 
bers' time  and  availability*  The  length  and  frequency  of  inspec- 
tions depend  on  the  size  and  layout  of  the  school  and  the  number 
of  shops.  Where  there  is  new  construction  or  installations  or  where 
there  are  change?  in  processes,  operations  or  materiajs,  the  com- 
mittee may  n^id  to  make  special,  unscheduled  inspections  to  be 
certain  that  safety  requirements  are  being  met. 

Inspections  conducted  by  the  committee  must  be  directed  by  an 
interested  and  responsible  person  to  assure  that  the  process  does 
not  become  meaningless  and  routine.  Those  chosen  to  perform 
inspections  should  have  special  safety  training  and  should  update 
their  skills  continually  to  keep  them  current. 

An  inspection  program  implies  the  regular,  systematic  and  con- 
tinuous comparison  of  safety  and  health  standards  to  discrepan- 
cies in  the  shop-environment. 

A  safety  and  health  inspection  program  requires: 

1.  sound  knowledge  of  the  school, plant 
<^  • 
2..  knowledge  of  the  material  contained  in  standards,  regula- 
tions and  codes 


Student  Shop  Forenian 
Daily  Inspections 

Department  Head 
Weekly  Inspeiitions 


Shop  Safety  and  Health 
Committee 
Periodic  Inspections 


Scheduling  Inspections 


INSPECllON  PROCEDURES 


Safety  and  Health  Inspection  Techniques 


Mapping  the  Route  for 
Inspection 


Using  Safety  and  Health 
Checklists 


Be  Methodical  and  Thorough 


WHAT  SHOULD  BE 
INSPECTED 

Materials  and  Substances 

\ 


I  er|c 


3c  >  a  series  of  systematic  inspection  steps  •  « 

4.  a  method  of  reporting,  evaluating  and  using  the  data 
gathered.      .  \ 

The  committee  must  select  a  route  which  will  permit  it  to  do  a 
thorough  job,  leave  nothing  out,  avoM  repeated  examinations  of 
the  same  item,  keep  walking  to  a  r  onum  and  'avoid  unneces- 
sary interruptions.  A  doi^^d  loop  inspttJtion  will  give  good  results. 

Many  different  types  of 'checklists  are  available  for  use  in  safety 
and  health  inspections,  varying  in  length  from  thousands  of  items 
to  only  a  few*  Each  type  has  i^  place  an(i^  properly  used*,  can  be 
of  benefit  to  industrial/vocational  education.  Generally,  the  longer 
checklist  iefers\^  OSHA  standards  and  be  used  by  the  com-  - 
mittec  during  it^s  initial  survey  of  its  school  to  determine  which 
standards  apply  ^to  its  individual' situation  (see  Supplement).  Once 
the  committee  determines  which  areas  fit  its  situation,  it  can  then 
construct  a  checklist  tailored  to  its  needs  and  uses.  '  ^ 

Regardless  of  how  complete  the  inspection  checklist,  the  results  of 
the  inspection  vdll  be  no  better  than  the  .individuals  performing 
tb^  inspection.  Inspectors  must  be  realiistic  and  use  their  ability, 
experience  and  intuition*  A  hazard  observed' during  an  inspection 
must  he  recorded  even  though  it  was  not  identified  on  the  check- 
list. The  inspection  checklist  must  be  used  as  an  aid  to  the  in-- 
ispection  process,  not  as  an  end  in  itself. 

Mctely  running  through  a  checklist  does  little  to  locate  or  correct 
problems  of  importance*  Committee  members  must  take  their 
time  and  do  a  thorough  job. 

The  committee  also  should  plan 'to  inspect  areas  whe're  people 
rarely  go  or  where  people  never  have  been  injured*  The  inspection 
team  should  be  sure  ip  look  for  off*the-floor  Items  (e*g*,  pipes, 
hoisting,  equipment,.  etc.X  ^  well  as  those  at  ground  level*  It  is 
better  iot  the  inspection  to  be  incomplete  but  thorough  than 
complete  and  superficial.  ' 

When  planning  the  inspection  program,  the  committee  should 
consider  the  following  areas: 

1.  Materials  and.  substances  used  in  education  should  be 
viewed  v;dth  lespect  to  their  capacity  to  cause  an  injury, 
occupational  illness,  fire  or  other  hazard* 
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2.  Machinery,  equipment,  Wofe,  ete.,(jjsed  during  shop  opera- 
tions must  be  free  from  material  defects  and  other  hazards. 

"  Particular  attention  should  be  given  to  machinery  and  the 
points  of  operation,  including  all  moving  parts  as  well  as 
accessories  (flywheels,  gears,  shafts,  pulleys,  key  ways, 
belts,  couplings,  sprockets,  chains,  controls,  lighting, 
brakes,  exhaust  syst^s,  grounding). 

*** 

3.  Personal  protective  and  safety  eqi^pment  must  exist  where 
there  is  a  reasonable  prqbability  that  an  injury  can  be  pre- 
vented. These  devices  must  be  in  ^working  order  and  used 
according-  to  the  most  recent  instruction.  '  • 

4.  Working  and  walking  surfaces  (stairs,  ladders,  scaffolds^ 
ramps,  e^c.)  must  be  functionally  safe,  nieeting  existing 
safety  standards,- and  they  must -be  properly  maintained. 

5.  Within  the  shop  workplace,  such  environmental  factors 
as  illumination,*  ventUation,  noise  control  devices,  etc., 
must  be  within  established  standards. 

6.  Attention  should  be  given  to  housekeeping,  ^nitation, 
waste  disposal,  material  storage,  and  so  on. 

7.  Medical  services,  first  aid  facilities,  and  ajmeans  for  trans- 
porting injured  must  be  available  at  all  times. 

8. .  Electrical  equipment^  including  switches,  breakers,  fuses, 
special  fixtures,  insulation,  extensions,  tools,  motors, 
grounding^ etc.,  must  be  determined  to-be  in  compliance 
with^the  regulations. 

9.  Chemical  storage,  handling,  use  and  transportation  must  be 
viewed  with  respect  to  adequate  exhaust  systems,  warning 
signs,  protective  clothing  and  other  allied  equipment. 

10.  Fire  protection  and  extinguishing  systems,  such'  as  alarms, 
sprinklers,  fire  doors,  exit  signs,  extinguishers,  etc.,  deserve 
particular  scrutiny  includipg  review  ^of  school  egress  plans 
-for  emergency  exit. 

11.  The  regularity  and  effectiveness  of  the  preventive  mainte- 
nance program  need  to  be  assessed. 


Machinery,  Equipment, 
Tools,  etc. 


Protective  and  Safety  ^ 
Equipment 


Walking  and  Working  Surfaces 


Environmental  Factors 


Housekeeping 


Emergency  Areas 


Electrical  Equipment 


Chemicals 


Ffre  Protection 


Preventive  Maintenance 


7-7 


Safety  and  Health  Inspection  Techniques 


Dealing  with  Ha^.^dous 
Equipment 


ASSESSINO  HEALTH 
HAZARDS 


/  N 


ERIC 


If  the  committee  finds  a  hazardous  machine,  piece  of  equipment 

or  operation  producing  a  health  hazard,  it  should: 

< 

^     1.  Warn  the  instructor,  or  whoever  is  in  charge      the  con- 
^  dition.  \ 

/2.  Shut  down  the  machine  or  equipment,  if  necessary.  Tag  it 
immediately;  a  Iock-out-albi}g  with  the  tag  will  prevent  its 
use.  * 

If  the  hazard  fepresents  an  immediate  danger,  the  instructor 
should  be  authorized 'and  directed^ to  take  immediate  action. 

previously  stated,  a  thorough  inspection  requires  that  emphasis 
given  to  both  safety  and  health  hazards.  In  order  to  be  able  to 
recognize  health  hazards  during  an  inspection  process,  committee 
members  need  a  knowledge  and  understanding  of  the  environ- 
mental factors  in  the  shop  workplace  which  have  the  capacity  to 
impair  the  health  of  students  and  instructors. 

Later  units  on  health  hazards  and  hazardous  materials  will  provide 
"the  committee  with  information  it  needs  to  evaluate  health  haz- 
ards and  to  perform  the  tasks  described  in  the  guidelines  below. 
The  committee  must  consider: 

1.  the  nature  of  the  product  being  produced 

2. .  the  raw  materials  being  used 

«3.  materials  and  substances  being  added  in  the*process 

4.  by-products  produced 

5.  the  equipment  involved  *  * 

6.  the  cycle  of  operations  ^ 

7.  operational  procedures*  being  used  ^ 

8.  health- and  safety  controls  utilized 

9.  number  of  persons  exposed  and  level  of  exposure  to  harm- 
ful chemical,  biological  and  physical  agents. 
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As  it  inspects  the  shop  for  health  hazards,  the  Shop  Safety  and 
Health  Cbmmittee  may  want  to  use  tfie^^following  guidelines: 

1.  List  all  hazardous  chemical,  physical,  and  biological 
agents  in  the  school.  * 

2.  Determine  where  the  hazardous  health  agents  are  in  the 
school  and  the  state  in  which  they  exist  (e.g.,  dust,  fumes, 

^    mists,  vapors,  sidokes,  gases). 

3.  DetAmine  the  threshold  limit  value  for  ^  chemical, 
physical  and  biological  agents,  and  compare  against  actual 
levels  in  the  shop  workplaces. 

*^ 

4.  Determine  which  processes  and  equipment  are  capable  of 
producing  hazardous  levels  during  operations. 

The  Shop  Safety  and  Health  Committee  should  take  precautions 
to,  locate  and  describe  each  haarard  found  during  inspection.  As 
hazards  ar6  uncovered,  a  clear  description  of  the  hazard  should  be 
written  dt>wn  and  a  committee  member  should  record  all  ques- 
tions and  details  for  later  use. 

During  the  inspection  it  unportant  to  deteimine  which  hazards 
present  the  most  serious  consequences  and  are  most  likely  to 
occur.  The  hazard  ranking  scheme  discussed  in  Unit  3  will  make 
the  job  of  classifying  hazards  aa  easy  one.  Classifying  hazards 
properly  places  them  in  the  tight  perspective,  assigns  priorities  and 
aids  in  correcting -the  coHdition  ulcunately  preventing  accidents. 

Another  significant  benefit  'of  classifying  hazards  is  that  it  de- 
scribes the  potential  loss  severity  and  probability  without*the  need 
for  long  narrative  descriptions.  It  helps  the  school  administrator 
or  the  Safety  and  Health  Policy  Committee  to  understand  and 
evaluate  the  problems  found  and  reach  decisions  quickly.  * 

Tlie  inspection  Summary  Report  (Table  6)  is  designed  to  assist  the 
individual  inspector  to  record  pertinent  facts  relating  to  a  safety 
and  health  inspection/ 

Upon  completing  the  inspection,  the  committee  memi^ers  should 
assemble  and  cpmbine  their  separate  findings  into  a  single  inspec- 
tion summary  .report,  which  will  include  recommendations  for 
Corrective  action. 


ERJC 
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Guidelines  for  Health  Hazard 
Inspections 

I 


RECORDING  HAZARD 
FACTS 


Classifying  Hazards 


SUMMARIZING 
INSPECTION  DATA 


Safety  and  Health  Inspection  Techniques 


USING  THE  DATA 
ACQUIRED  DURING 
INSPECTIONS 


General  Recommendations 
for  Improvements 


SUMMARY 


Instructor  Note: 


At  this  point  the  instructor 
should  refer  to  the  Appendix 
for  directions  concerning 
the  use  of  the  inspection' 
Summary  Report  Form. 
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What  is  done  with  the  information  acquired  from  an  inspection 
program  is  as  important  as  the  inspection  process  itself.  It  is  nec- 
essary that  the  inspection  team  bring  problems  and  recommenda- 
tions for  corrective  action  to  the  attention  of  the  Safety  and 
Health  Policy  Committee  or  the  principal. 

General  recommendations  could  include: 

1.  Change  the  procedure.  Set  up  a  better  process,  operation 
or  work  task. 

2.  Limit  the  exposure.  Relocate  the  present  process  in  such 
a  way  as  to  make  it  less  hazardous  while  at  the  same  time 
providing  better  results. 

3.  Redesign  a  tool  or  fixture  or  change  the  students*  work 
pattern  to  reduce  the  hazard  potential. 

4.  Give  more  adequate  training  to  personnel  engaged  in  a 
particular  operation. 

5.  Provide  personal  protective  equipment. 

Based  on  the  problems  uncovered  and  recojnmendations  made  by 
the  Shop  Safety  and  Health  Committee,  the  Policy  Committee  or 
the  school  administrator  must  decide  what  course  of  action  to 
take.  Usually  these  actions  wUl  b^  based  on  the  cost  effective- 
ness of  the  recommendations.  For  example,  it  may  be  effective 
and  practical,  from  a  cost  standpoint,  to  substitute  a  less  toxic 
material  that  works  as  well  as  the  highly  toxic  material  presently 
in  use.  On  the  other  hand,  a  particular  hazardous  machine  may  be 
too  costly  to  replace.  In  this  case,  the  choice  may  be  the  less 
expensive  alternative  of  installing  machine  guards  to  conect  the 
problem.  *  * 

Information  from  inspections  s:*ould  never  be  used  for  punitive 
action.  The  information  should  be  viewed  as  the  basis  for  estab- 
Ibhing  priorities  and  implementing  programs  that  will  reduce 
accidents,  improve  conditions,  raise  morale  and  increase  th'*  over- 
all effectiveness  of  the  school  organization. 

NOTES 

1.  Adapted  from  Robert  J.^Firenze,  Guide  to  Occupational 
Safety  and  Health  Management  (Dubuque:  ICendall/Hunt, 
1973),  p.  90. 
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1.  Give -a  definition  of  safety  and  hedth  inspection. 


An  inspection  is  a  monitoring  survey  conducted  in  the  work- 
place to  locate  and  report  existing  and  potential  hazards  which 
have  the  capacity  fee  cause  accidents. 


  Y   V  

2.  The  inspection  process  can  be  conducted  from  two  different  and  opposing  viewpoints. 
Name  each. 


a.  faultfinding,  with  emphasis  on  criticism 

b.  fact-findijig,  with  emphasis  on  locating- potential  hazards 
th'at  have  an  adverse  effect  on  the  operation  in  terms  of 
safety. 


3.  Name  two  purposes  of  inspection. 


a.  to  detect  hazard^  so  that  they  can  be  corrected  before  an 
accident  occurs. 

b.  to  offer  improvements  and  corrections  to  increase  effi- 
ciency and  effectiveness. 


4.  Differentiate  between  the  two  main  types  of  inspections  and  the  people  who  perform 
each  type. 


periodic-a  systematic,  deliberate,  thorough  inspection 
covering  all  areas.  Usually  perfo^-med  by'  the  Shop  Safety 
and  Health  Committee  monthly  or  bi-monthly,  though 
the  department  head's  weekly  inspection  also  might  fall 
in  this  category. 
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b.  continuous— an  ongoing  process  which  involves  noting 
apparent  or  potential  hazardous  conditions  or  unsafe  acts 
and  either  correcting  th^m  immediately  or  initiating  cor- 
rective action.  Performed  on  a  daily  basis  by  instructors 
and  students  and  by  department  heads  and  maintenance 
personnel  when  they  are  in  the  area. 


5?  Name  five  areas  to  be  considered  in  a  thorough  safety  inspection. 

Any  five  from  among  the  following: 

^  ^        a.  materials  and  substances 

b.  machinery,  equipment,  tools,  etc. 

c.  personal  protective  and  safety  equipment 

d.  working  and  walking  surfaces 

e.  environmental  factors 

f.  housekeeping 

g.  medical  services 

h.  electrical  equipment 

i.  chemicals  ^ 
j.  fire  protection 

k.  preventive  maintenance 
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'  ''APPENDIX 

INSPECTOR  SUMMARY  REPORT 

Instructor  Note:  Using  the  Inspection  Summary  Report  —  At  the  point 
indicated  in  the  unit,  the  instructor  distributes  inspection  Summary  Report 
forms  (Table  6)  to  the  participants.  He  then  shmvs  a  series  of  slides  taken  in 
a  variety  of  industrial/vocatioifal  education  shc/ps.  Participants  are  instructed 
to  record,  on  their  report  forms,  the  hazards  they  find. 

When  ,the  exercise  is  completed,  the  instructor  shows  each  slide  again.  The 
participants  are  invited  to  offer  their  views  of  existing  and  potential  hazards 
found.        •  '  •  ' 


Date  of  Inspection: 


Committee  Members: 


/ 


TABLE  6 


SHOP  SAFETY  AND  HEALTH  COMMITTEE 
INSPECTION  SUMMARY  REPORT  ^ 


School:. 


Building:. 


No. 


Description  of 
Hazaidous  Condition 


Specific 
Location 


Supervisor 


Pulley  Belts  Exposed 
on  Shaper  and 
Horizontal  Milling 
Machines 


—  1_ 


Machine 
Shop 


William  Dixon 


Hazard  Rating 


Conseq, 


III 


Prob. 


A 


Priority 


Corrective 
Action 


Hazard 

Corrected 

Date 


Provide 
Sheet  Metal 
Guards  on 
All  Machinery 
wi  'h  Exposed 
Belxs 


UNITS 

PRINCIPLES  OF  GOOD  SHOP  PLANNING 


METHODS 
PURPOSE 

OBJECTIVES 


SPECL\L  TERMS 


INSTRUCTOR 
MATERIALS 


TRAINEE 
MATERULS 


Lecture  and  Demonstration 


LENGTHtYS  Minutes 


To  discuss  the.  basic  considerations  in  the  layout  and  design  of  industrial/ 
vocational  education  shops. 


To  introduce  the  participant  to: 

1.  Basic  considerations  in  shop  layout 

2.  Such  design  considerations  as  materials  storage,  personal  service  facilities, 
exhaust,  ventilation,  and  fire  extinguisher  systems,  electrical  requirements 
and  illumination 

3.  Placement  of  machinery 

4.  Criteria  for  purchasing  machinery. 


1.  General  Dilution  Systems  < 

2.  Local  Exhaust  Systems 

3.  Single-Dimension,    Two-Dimensional  and  Three-Dimensional  Methods 


Lesson  Plan 

35  mm  Slides,  Projector  and  Screen 
Chalk  Board/Chalk' 


Participant  Outlines  and  Supplementary  Materials 
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UNITS 


PRINCIPLES  OF  GOOD  SHOP  PLANNING 


One  of  the  primary  resources  used  in  planning  the,  layout  and 
arrangement  of  a  school  shop  should  be  the  industrial/vocational 
education  instructor.  His  knowledge  and  experience  are  of  excep- 
tional value  to  school  administrators  and  arcl|itects  in  planning 
new  school  shops  or  altering'or  expanding  old  ones.  The  instruc- 
tor's knowledge  of  how  operations  take  place  and  what  is  needed 
complements  the  architect's  knowledge  of  how  feasible  sue  the 
various  design  and  construction  alternatives.  Together,  they  can 
reduce',  if  not  eliminate,  many  of  the  problems  that  a^e  encoun- 
tered  in  shop  construction  and  expansion. 
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This  marriage  of  knowledge,  experience  and  imagination  will 
prove  most  fertile  if  the  instructor  and  architect  give  high  prior- 
ity to  safety  and  ^health  needs  While  planning  the  layout  and 
arrangement  of  the  school  shop.  Numerous  accidents,  occupa- 
tional illnesses,  explosions  and  fires  can  be  prevented  or  minimized 
if  suitable  measures  are  taken  early  in  the  planning  stage. 

The  purpose  of  this  unit  is  not  to  provide  a  complete  guide  to 
shop  planning.  Rather,  we  will  discuss  some  basic  considerations 
in  shop  layout,  such  design  aspects  as  providing  materials  storage, 
personal  service  facilities,  adequate  illumination,  electrical  require- 
ments, exhaust,  ventilation  and  fire  extinguisher  systems,  place- 
ment of  machinery  and  criteria  for  purchasing  m^hinery. 

In  order  to  avoid  difficulties  of  organization  and  supervision,  it 
is  generally  recommended  that  shop  length  should  be  no  more 
than  twice  its  width.  A  width  of  thirty  feet  (9^  m.)  is  generally 
used.  The  space  allotted  to  shop  work  generally  should  be  not  less 
than  55  square  fe£t  C5.1  square  meters)  per  pupil.  All  parts  of  the 
shop  should  be  visible  to  the  instructor.  Window  space  should  be 
not  less  than  one-fifth  of  the  floor  space,  arid  ceiling  height  should 
be  between  W/i  and  14  feet  (3.2  and  4.3  m.).  An  open  assembly 
area  should  be  provided  where  large  projects  can  be  assembled.^ 

Water,  air,  hydraulic,  electrical  and  other  piping  or  conduit  sys- 
tems should  be  contained  in  the  walls  to  aliminate  the  need  for 
constant  cleaning. 
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Role  of  Instructor  in  Planning 


Accidents  Can  Be  Prevented 
or  Minimized 


Purpose  of  Unit 

Shop  Layout 
Design  Aspects 
Placement  of  Machinery 
Purchase  of  Machinery 

SHOP  LAYOUT 


Principles  of  Good  Shop  Planning 


Working  Spaces 


Aisler, 


Exits 


DESIGNING  FOR  SPECIFIC 
SAFETY  NEEDS 
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Floors,  ramps,  stairs,  ladders  and  scaffolds  deserve  special  consid- 
eration in  shop  design  and  are  discussed  in  the  next  unit.  Safe 
Working  Surfaces.  Floor  materials  should  be  easy  to  clean  and  as 
slip-resistant  as  possible.  Safe  load  limits  must  be  considered  along 
with  the  tptal  weight  burden.  Because  floors*  begin  to  sag  when 
overloaded,  i^  is  important  to  know  the  weight  capacity  of  floors 
before  installing  equipment  or  machinery  or  storing  heavy  mate- 
rials. To  be  safe,  floors  should  hagre  weight  capacities  four  times 
the  static^oad  or  six  times  the  moving  load* 

A  general  rule  is  that  main  aisles  should  parallel  the  flow  of  mate- 
rials in  process.  Main  aisles  should  be  four  feet  (1.2  m.)  wide. 
Aisle  spaces  "should  be  kept  clear  at  all  times  of  material  or  equip- 
ment. The  edges  of  all  aisles  should  be  identified  by  painting  a 
clearly  visible  ^white  or  yellow  line  on  the  floor.  Tool  rooms  and 
emergency  equipment  should  be  located  off  the  main  aisled. 

Exits  should  be  sufficient  both  in  number  and  size  and  located 
so  that;  ill  case  of  fire  or  other  emergency,  the  building  could 
be  quickly  evacuated  without  loss  of  life.  Plans  should  be  ade- 
quate and  conform  to  OSHA  standards.  National  Fire'^rotection 
Association  (NFPA)  Building  Exits  Code,  and  to  state  and  local 
requirements.  Changing  or  adding  exits  after  a  building  has  been 
cpnstructed  is  very  costly. 

To  a  large  extent,  the  number  and  width  of  exits  are  determined 
by  the  building  occupancy.  In  high  hazard  occupancy,  no  person 
should  be  more  than  75 -feet  (22.9  m.)  from  an  exit.  For  medium 
and  low  hazard,  100  to  150  feet  (30.5  to  45.8  meters)  is  permis- 
sible. NFPA  Standard  No.  101  specifies  that  access  to  exits  pro- 
vided by  aisles,  passageways,  or  corridors  should  be  convenient 
to  every  occupant  and  that  the  aggregate  width  of  passageways 
and  aisles  should  at  least  equal  the  required  width  of  the  exit.^ 

All  shops  should  have  at  least  two  exits,  one  of  which  should  be 
wide  ofioUgh'^to  permit  moving  large  equipment  in  and  out. 

Exit  doors  should  be  clearly  visible,  illuminated,  provided  with 
signs,  and  open  in  the  direction  of  exit  travel.  They  should  not 
be  locked  or  blocked  by  machinery  or  equipment.  Exits  should 
be  located  where  they  will  not  be  eliminated  by  any  future  addi- 
tion to  the  building. 

Planners  must  realize  that  efficient  shop  management  depends,  to 
a  large  extent,  on  the  availability  of  and  access  to  tools  and  mate- 
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rials.  In  addition,  sufficient  project  storage  areas  are  necessary  to 
avoid  confusion,  theft,  damaged  projects  and  general  discontent 
among  the  student  population.  Consideration  should>be  given  as 
to  what  type  \of  stor^e  area  is  most  appropriate:  closed,  com- 
pletely open,  or  acombination  of  both. 

The  size  of  storage  rooms  and  areas  will  depend  upon  the  amount 
and  size  of  stock  to  be  kept  on  hand.  Storage  areas  should  be 
equippeS  with  both  vertical  and  horizontal  racks.  Racks  should  be 
so  designed  and  constructed  that  heavy  stock  can, be  pulled  out' 
without  the  racks  tippbg.  In  the^  lugj.ber  room  or  area,  vertical 
stacking  has  several  distinct  advantages: 

1.  Warpage  is  reduced. 

2.  Less  dust  collects,  and  the  stock  remains  cleaner. 

3.  Chances  of  stock  falling  onto  students  and  instructors' are 
reduced.- 

4.  Stock  can  be  removed  without  requiring  the  assistance  of 
others  or  the  use  of  ladders. 

5.  Smaller  pieces  of  stock  can  be  removed  without  moving 
larger  pieces. 

6.  Taking  inventory  is  easier. 

Where  space  permits,  separate  racks  should  be  used  for  each' 
variety  of  stock.  ' 

Pieces  of  stock  which  are  of  irregular  size  do  not  lend  themselves 
readily  to  stor?.S2  in  a  rack.  They  should  *be  stored  on  flat  shelves 
beneath  work  benches. 

In  the  industrial/vocational  education  shop  there  are  many  small 
parts  such  as  nuts,  bolts,  washers,  rivets,  etc.  Therefore,  the  in- 
stallation of  bins,  drawers,  cabinets  with  drawers  or  similar  storiage 
spaces  is  absolutely  essential. 

We  will  examine  in  a  later  unit  the  special  storage  requirements  of 
such  flammable  liquids  as  thinners,  solvents,  finishing  materials, 
etc. 


Storage  of  Materials 
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Lockers 


Personal  Service  Facilities 


Drinking  Fountains 


Wash  Basins 


Soap  Dispensers 


Quick  Drenching  Facilities 


Medical  and  First  Aid  Supplies 


Exhaust  and  Ventilation 
Systems 
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Student  lockers  should  be  perforated  for  ventilation  and  large 
enough  to  accommodate  shop  clothing.  It  is  a  good  idea  to  specify 
that  the  tops  of  lockers  be  sloped  to  prevent  exce^ive  build-up 
of  dirt  and  accumulation  of  materials  on  top.  Lockers  should  be 
fastened  to  the  ^hop  floor  to  prevent  them  from  being  overturned. 

An  area  oft^  overlooked  in  the  design  and  layout  of  school  shops 
is  the  procurement  and  placement  ,  of  such  personal  service  facil- 
ities as  drinking  fountains,  .wash  basins  and  soap  dispensers.  Such 
items  play  an  important  role  in  maintaining  student  health. 

4. 

A  general  rule  of  thumb  is  to  install  drinking  fountains  at  a  con- 
venient location  within  every  shop,  but  located  in  an  area  away 
from  machinery  or  operations  such  as  welding,  heat-treating 
metals,  and  so  forth.  Planners  will  be  assisted  by  specifications 
frpm  the  American  National  Standards  Institute  wlifen  purchasing' 
and  installing  drinking  fountains  (ANSI  C33.82, 1972). 

Each  shop  should  be  equipped  with  a  minimum  of  one  wash  basin, 
a  two-foot  (60  cm.)  trough,  or  a  circular  or  semi-circular  wash 
fountain  with  hot  and  cold  running' water  for  every  twenty  stu- 
dents. A  good  quality  soap  distributed  from  a  dispenser  plays  a 
dual  role:  it  provides  for  ordinary  hygiene,  and  it  protects  against 
dermatitis.  Paper  towels  in  covered  dispensers  also  should  be 
available,  along  with  a'closed  disposal  receptacle  in  close  prox- 
imity to  the  washing  facility. 

Safety  showers  and  eyewash  fountains  for  quick  drenching  and/or 
flushing  of  the  eyes  and  body  must  be  provided  within  the  work 
area  when  a  person  may  be  exposed  to  injurious  corrosive 
materials. 

Planners  must  be  sure  that  first  aid  supplies,  approved  by  the 
American  Red  Cfbss  or  other  authoritative  source, ^are  readily 
accessible.  Thesk  supplies  should  be  in  sanitary  containers  with 
individually  sealed  packages  for  material  such  as  gauze,  bandages, 
and  dressings  that  must  be  sterile.  Other  items  often  needed  are 
adhesive  tape,  triangular  bandages  (to  be  used  as  slings),  inflatable 
plastic  splints,  scissors,  and  mild  soap  for  the  cleansing  of  wounds 
01  cuts. 

Control  of  air  contaminants  is  a  subject  of  pressing  concern. 
Industrial/vocational  shop  practices  create  various  dusts,  gases, 
smokes,  vapors  and  niists  \yhich,  unless  intercepted,  will  enter  the 
shop  atmosphere.  These  contaminatits  can  produce  a  variety  of 
occupational  related  illnesses:  diseases  of  the  lung,  dermatitis,  etc. 
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Planners  must  pay  particular  attention  to  the  design  and  installa- 
tion of  both  general  and  local  exhaust  ventiJlatioR  systems.  General 
dilution  systems  are  designed  to  remove  air  throughout  the  shop 
atmosphere  at  predetermined  intervals  and  replace  it  with  air  that 
is  free  of  contaminants.  Local  exhaust  systems,  on  the  other  hand, 
are  designed  lo  prevent  a  contaminant  from  reaching  the  operator 
by  capturing  it  near  its  source  and  carrying  it  away  tp  special 
collectors,  a  point  where  the  general  ventilation  system 
dispose  of  it,  or  outside  the  building. 


can 


Exhaust  and  ventilation  systems  are  most  critically  needed  in 
places  where  solvents  are  used,  where  fumes  accumulate,  and 
where  dust  is  produced.  The  subject  of  exhaust  and  ventilation 
systems  will  be  treated  more  full^in  the  unit  on  occupational 
health  hazards. 

Planners  should  consider  the  installation  of  vacuum  systems  and 
special,  openings  designed  to  remove  or  store  waste  to  be  collected 
and  disposed  of  by  othefmeans.  . 

Although  good  shop  plans  will  specify  the  provision  of  fire  detec- 
tion, alarm,  and  extinguishing  systems,  planners  must  supplement 
these  systems  with  portable  fire  extinguishers,  readily  accessible 
and  easy  to  use.  Safety  containers  for  flammable  liquids,  fire 
blankets  and  approved  receptacles  for  oily  rags  and  waste  materials 
should  be  placed  at  critical  locations.  The  subject  of  fire  pro- 
tection will  be  discMSsed  in  a  later  unit. 

More  fires  are  caused  by  electrical  malfunction  than  by  any  other 
cause.3  The  National  Electrical  Code,  NFPA  70-1971,  ANSI 
CM971,  h^  been  adopted  as  a  national  Consensus  standard  by 
OSHA.  The  purpose  of  the  NEC  is  the  practical  safeguarding  of 
persons  and  buildings  and  their  contents  from  hazards  arising  from 
th^  use  of  electric ityw  The  code  con<^^ins  basic  minimum  provisions 
considered  necessary  for  safety.  Planners,  maintenance  pfersonnel, 
and  instructors  should  be  familiar  with  these  requirements  and 
should  insj^ect  regularly  for  compliance; 

1.  Each  means  of  discpnnecTion  (e.g.,  circuit  breaker  ci  fuse 
box)  must  be  legibly  marked  to  indicate  its  purpose  unless 
its  purpose  is  evident. 


Vacuum  Sys^^ms  and  Waste 
Removal 


Fire  Protection 


Electrical  Requirements 


Means  for  Disconnecting 


.  erJc 
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3  STORE  RM 


LADIES  RM4 


5  RM  101 


RM  102  6 
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Proper  labeling  of  circuit  breakers. 
Reprinted  from  Health  and  Safety  Gutde-AutomO' 
tive  Parts  Recyc/ers  (Cincinnati:  NIOSH,  ^976), 
.  p.  66.  , 

2.  Frames  of  electrical  motors,  regardless  of  voltage,  must  be 
grounded. 

3.  Exposed  noncurrent-carrying  metal  parts  of  fixcvd  equip- 
ment that  may  become  energized  under  abnorinal  condi- 
tions must  be  grounded  under  a^^y  of  the  following  circum- 
stances: 

a.  in  wet  or  damp  locations 

b.  if  in  electrical  contact  with  metal 

c.  if  operated  in  excess  of  150  volts  to  ground 

d.  in  a  hazardous  location. 

4.  Exposed  noncurrent-canying  metal  parts  of  the  following 
plug-connected  equipment,  which  may  become  energized, 
must  be  grounded  or  double-insulated  and  distinctly 
marked: 

a.  portable,  hand-held,  motor-operated  tools  . 

b.  appliances 
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c.  any  equipment  operated  in  excess  of  150  volts  to 
ground. 

5.  Outlets,  switches,  junction  boxes,'etc.,  must  be  covered. 
.  6.  Flexible  cords  may  not  be: 

a.  used  as  a  substitute  for  fbced  wiring 

b.  run  through  holes  in  walls,  ceilings  or  floors 

c.  run  through  doors,  windows,  etc. 

d.  attached  to  building  surfaces. 

7.  Flexible  cord  must  be  fastened  so  that  there  is  ho  pull  on 
joints  or  termirtal  screws.  It  must  be  replaced  when  frayed 
or  when.the  insula^tion  has  deteriorated. 


MISUSE  OF  FLEXIBLE  CORDS 


Reprinted  from  Health  and  Safety  Guide- Automo- 
tive Pans  Recyclers  (Cincinnati  NIOSH.  1967), 
p.  67. 

8.  All  splices  in  electrical  cord  must  be  brazed,  welded  or 
soldered  or  join  the  conductors  with  suitable  splicing 
devices.  Any  splices,  joints,  or  the  free  ends  of  conductors 
must  be  properly  insulated.^ 

The  shop  planner  must  consider  the  quantity  and  quality  of  il- 
lumination required  for  various  tasks,  the  problem  of  glare  and  the 
placement  oi  specializ-^d  lighting  equipment  in  hazardous  areas. 
The  topic  of  Ulumination  will  be  examined  in  greater  detail  in 
Unit  11,  Illumination  and  Color. 

Regardless  of  the  type  of  shop  planned,  the  design  and  arrange- 
ment  of  equipment,  machinery,  tools  and  materials  should  be 
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Flow  of  Materials 


Related  Machinery  Adjacent 


No  Interference  Between 
Students 


engineered  for  the  most  effective  and  efficient  hazard  controlled , 
operations.  Consideration  should  be  giv6n  to: 

•  the  flow  of  materials 

•  placing  machines  adjacent  to  ones  needed  for  successive 
operations 

•  providing  sufficient  space  so  that  students  do  not  inter- 
fere with  each  other 

•  preventing  interference  between  operations  and  operator 

•  determining  the  maximum  amount  of  space  needed  for 
machines  used  with  large  pieces  of  stock 

•  placing  machines  near  materials 

•  allowing  space  for  hand  trucks 

•  allowing  space  for  cleaning  and  maintenance. 

Because  the  manner  by  which  materials  are  brought  into  and  are 
handled  in  the  shop  can  produce  hazards,  materials  flow  must  be  a 
major  concern  in  planning.  The  planner  should  trace  the  route  the 
materials  travel  in  the  shop,  from  the  time  they  are  received 
through  the  various  stages  of  transportation  and  storage  and  the 
fmal  stage  of  completion  and  disposal.  Tracing  the  route  of  mate- 
rials and  analyzing  each  operation  and  movenient  of  materials 
from  the  standpoint  of  hazards  is  consistent  with  the  theory  of 
Shop  Operations  Hazard  Analysis  discussed  in  Unit  4.  After  analy- 
sis is  complete,  suggestionsyan  be  made  to  control  or  eliminate 
the  hazards  discussed.  " 

If  operations  require  the  student  to  move  from  one  machine  to 
another  for  successive  operations,  the  machines  should  be  located 
adjacent  to  or  as  close  to  each  ,  other  as  possible  to  shorten  the 
distance  the  student  must  travel.  Reducing  the  need  for  criss- 
crossing and  backtracking  helps  to  lessen^  the  danger  of  collision 
and  needless  exposure  to  potential  hazards  from  other  equipment. 

Enough  space  should  be  provided  between  machines  to  prevent 
the  students  from  getting  in  each  other's  way,  while  permitting  the 
instructor  to  provide  the  necessary  training  and  supervision.  In 
.specialized  shops,  the  space  requirements  range  from  t&  little  as 
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30  square  feet  (9.1  m.)  per  student' (for  drafting)  to  as  much  as 
.  100' square  feet  (30.5  m.)  per  student  (for  the  machine  or  auto 
mechanics  sh,op).^ 

Special  care  must  be  taken  to  locate  equipment  in  such  a  way  that  No  Interference  Between 
there  is  no  interference  between  the  operations  and  the  operators.  Operations  and  Operator 
When  feasible,  machines  should  be  placed  at  a  45^  angle  to  win- 
dow walls  in  order  to  ensure  that  the  shop  receives  the  maximum 
amount  of  natural  light.  Placing  the  machines  at  a  45^  angle  also 
ensures  that  operator:  will  be  out  of  alignment  with  the  moving 
parts  of  adjacent  machines,  thereby*  reducing  the  danger  .from 
machine  accessories  or  materials  which  may  be  thrown  from 
neighboring  equipment.  ' 

The  largest  piece  of  material  each  machine  can  handle  should  be  Determine  Maximum 
determined,  since  additional  space  may  be  needed.  A  lathe  to  be  Space  Need 
used  for  machining  long  bars  fed  through  the  head  stock  obviously 
needs  more  space  to  the  left  of  the  machine  than  one  which  is  to 
be  used  only  for  chuck  work.  Certain  machines,  such  as  the  metal 
working  planer  and  shaper,  need  to  be  placed  so  that  sufficient 
clear  space  remains  when  tables  or  rams  are  operating  at  their 
maximum  distances.  Other  machines,  such  as  cutoff  saws  and 
shears;  should  be  placed  near  the  materials  storage  areas  in  order 
to  reduce  hazards  from  handling  large  pieces  of  stqck. 

Heavy-duty  machinery  and  equipment  should  be  placed  as  close  as 
possible  to  the  entrance  through  which  heavy  material  is  received. 
Consideration  also  should  be  given  to  the  feasibility  of  installing 
electric  hoisting  devices.  All  heavy  equipment  should  be  leveled 
and  securely  fastened  to  floors.  The  placement  of  felt,  cork, 
rubber,  or  other  shock-absorbing  materials  undei  machines  is 
recommended  in  order  to  reduce  vibration  and  noise. 

When  deciding  where  to  place  machinery,  planners  should  allow 
space  for  hand  trucks  to  be  brought  as  close  as  possible  to  unload 
jigs,  boxes  of  materials,  aad  so  forth. 

Machiner>  should  be  located  so  that  there  is  sufficient  room  for 
cleaning,  maintenance  and  repair  work. 

Methods  used  in  placement  of  equipment  usually  involve  scaled 
drawings  of  floor  plans  indicating  fixed  obstructions,  such  as 
supporting  pillars  in  walls,  windows  and  door  openingr.,  and  .the 
relationship  of  the  room  to  other  service  areas.  The  ''single  dimen- 
sion method"  involves  showing  the  relative  location  of  all  equip- 


Placement  of  Heavy 
Machinery 


Space  for  Hand  Trucks 


Space  for  Cleaning  and 
Maintenance 

Using  Scaled  Drawings  of 
Floor  Plans 


8-11 


Principles  of  Good  Shop  Planning 


CRITERIA  FOR 
PURCHASING  MACfflNERY 


Automatic  Lubrication 


Easy  Access  to  Parts 


Automatic;  Feeds  and  Waste 
Removal 


Removal  of  Atmospheric 
Contaminants 


Reduction  of  Noise  and 
Vibration 


Easy  Access  to  Electrical 
Switches 

Emergency  Stop  Buttons 

Color  Coded  Operating 
Controls 
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ment  and  facilities  on  a  drawing.  The  **two-dimensional  method" 
is  more  frequently  used  and  involves  arranging  flat  patterns  on  the 
floor  plan  drawing.  The  patterns  are  to  scale  and  in  the  shape  of 
the  floor  area  required  for  each  item  of  equipment.  A  more  re- 
vealing technique  is  to  set  up  three^imensional  scale  models  of 
equipment  on  a  drawn-to-scale  plan.  Some  equipment  manufac- 
turers furnish  models  upon  request,  and  other  models  can  be 
carved  from  soft  wood  or  made  from  cardboard. 

The  planner  should  make  several  layouts  before  deciding  which 
will  be  implemented.  The  introduction  of  a  single  item  cf  equip- 
ment may  demand  the  reanangement  of  the  entire  floor  plan.^ 

The  time  spent  establishing  the  criteria  for  the  purchase  of  ma- 
chinery for  the  shop  will  be  well  spent,  and  many  problems  will 
be  eliminated  or  at  least  reduced.  Among  the  criteria  /or  selecting 
shop  machinery  are  the  following. 

1.  Provisions  must  exist  for  the  automatic  lubrication  of 
critical  parts  and  for  effective  collection  systems. 

2.  Machine  parts  subject  to  wear  and/or  needing  periodic 
adjustments  or  lubrication  should  be  easily  accessible.^ 

3.  Automatic  feeds  and  systems  for  waste  removal  should  be 
present.  Pust  collectors  on  machinery  reduce  the  amount 
of  airborne  particulate  matter. 

4.  Provisions  must  be  made  for  the  continual  removal  of 
metal  particles,  fumes,  mists,  gases  and  vapors  during  the 
operation  of  the  machinery. 

5.  Provisions  should  be  made  for  reducing  noise  and  vibra- 
tion through  enclosures,  shock  mountings,  and  other 
attenuation  and  dampening  techniques. 

6.  Electrical  on-off  switches  should  be  located  within  easy 
reach  of  operators. 

7.  Emergency  stop  buttons  and  main  power  disconnect 
should  be  provided. 

8.  Operating  controls  should  be  color  coded  according  to 
standards. 
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9.  Operating  levers  should  be  protected  to  prevent  accidental 
starts. 

10.  Machine  controls  should  be  located  in  a  manner  that 
students  will  not  be  required  to  be  in  close  proximity  to 
the-  point  of  operation  while  activating  the  controls. 

11.  Guards  should  be  provided  at  all  points  of  operation  as 
specified  by  the  manufacturer  and  OSHA  regulations. 

12.  Ideally  it  should  be  impossible  to  start  the  machine  unless 
guards  are  in  place  and  access  doors  are  closed  and  latched. 

13.  Power  transmission  components  such  as  belts  and  pulleys 
should  be  protected  to  prevent  contact  with  moving  parts, 

14.  Overload  devices  should  be  built  into  the  machine. 

15.  All  electrical  equipment,  especially  hand-held  equipment, 
should  have  an  effective  grounding  system. 

16.  Adequate  illumination  should  be  provided  for  all  points  of 
operation. 

17.  Wherever  possible,  all  sharp  corners  and  edges  should  be 
rounded. 

Because  of  highly  competitive  mariceting,  sofne  manufacturers 
of  machine  tools  find  it  advantageous  to  list  safety  devices  de- 
signed for  the  protection  of  operators  as  auxiliary  equipment. 
School  shop  personnel  must  be  familiar  with  such  items  and 
make  sure  that  they  are  included  in  the  original  purchase  order. 

Safeguarding  the  student  from  dangerous  parts  of  the  machinery 
and  equipment  is  a  primary  concern  in  ^^utmg  specifications  for 
shop  equipment.  A  well-guarded  machineyfn  addition  to  being 
safe  to  work  on,  is  valuable  from  a  psychological  standpoint. 
When  a  student's  fear  of  a  machine  is  alleviWd,  his  concentration 
can  be  devoted  to  his  work  activities.  So  important  is  the  subject 
of  machine  guarding  that  an  entire  unit  will  be  devoted  to  it. 

In  this  unit  we  have  discussed  how  design,  layout,  and  v/ise  place- 
ment and  purchase  of  machinery  can  provide  a  sound  basi  for 
shop  safety  The  subject  of  shop  planning  will  be  continued  in 
the  next  unit,  whic^  deals  with  the  construction  and  maintenance 
of  safe  walking  and  working  surfaces. 
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Placement  of  Machine 
Controls 


Guards 


Protected  Power  Transmission 
Components 

Overload  Devices 
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NOTES 


1.  "Planning  the  New  School  Shop''  in  Modern  School  Shop 
Planning  (Ann  Arbor:  Prakken  Publications,  1967),  p.  28. 

2.  See  Accident  Prevention  Manual  for  Industrial  Operations 
(Chicago:  National  Safety  Council,  1974),  p.  389. 

3.  Factory  Mutual  Engineering  Corporation  estimates  that  22 
percent  of  industrial  fires  are  electrical  in  origin.  This  is  more 
than  twice  the  number  of  the  second  leading  cause  (incen- 
diarism, 10  percent).  See  Accident  Prevention  Manual  for 
Industrial  Operations:  Engineering  and  Technology  (Chicago: 
National  Safety  CouncO,  1980),  p.  641. 

4.  Health  and  Safety  Guide— Automotive  Parts  iJecyc/ers  (Cin- 
cinnati: NIOSH,  1976),  pp.  65-67. 

5.  Modern  School  Shop  Planning,  p.  13. 

o6.  This  section  on  scaled  drawings  is  adapted  from  Frank  W. 
Godbey,  Occupational  Safety  and  Health  in  Vocational 
Education  (Cincinnati:  NIOSH,  1979),  pp.  30-31. 
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QUESTIONS  AND  ANSWERS 


!•  The  school  shop  must  be  designed  with  attention  to  several  important  areas.  Name  four. 

Any  four  from  among  the  following: 

a.  materials  storage 

b.  personal  service  facilities 

c.  exhaust  and  ventilation  systems 

d.  fire  protection  systems 

e.  electrical  requirements 

f.  illumination. 


 >  :  

2.  What  are  five  considerations  to  be  kept  in  mind  when  arranging  the  placement  of  ma- 
chinery? 


Any  five  from  among  the  following:  ' 

a.  providing  for  the  flow  of  materials 

b.  placing  machines  adjacent  to  Ones  needed  for  successive  operations 

c.  providing  sufficient  space  so  that  students  do  not  interfere 
with  each  other  » 

d.  preventing  interference  between  operations  and  operator  r 

e.  determining  the  maxinium  amount  of  space  needed  for 
machines  used  with  large  pieces  of  stock 

f.  placing  machines  near  materials 

g.  allowing  space  for  hand  trucks 

h.  allowing  space  for  cleaning  and  maintenance. 
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UNIT  9  * 
SAFE  WORKING  SURFACES 


METHODS 


PURPOSE 


OBJECTIVES 


Lecture  and  Demonstration 


LENGTH:  60  Minutes 


SPECIAL  TERMS 


INSTRUCTOR 
MATERL^LS 


TRAINEE 
MATERIALS 


To  discuss  the  major  considerations  in  pAviding  and  maintaining  safe  working 
surfaces  in  the  industrial/vocational  education  shop. 


To  introduce  the  participant  to: 

1.  Classification  of  falls 

2.  Safety  requirements  for  floors,  ramps,  railings,  stairs,  ladders  and  scaffolds. 


1.  Standarjd  Railing 

2.  Maximum  Slope 

3.  "^laximum  Rise 

4.  Lapping 

5.  Tubular  Scaffold 

6.  Suspended  Scaffold 

7.  Mobile  Scaffold 


Lesson  Plan 

35  mm  Slides,  Projector  and  Screen 
Chalk  Board/Chalk 

u  • 

P.articipant  Outlines  and  Supplementary  Materials 
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SAFE  WORKING  SURFACES 


lit  Unit  8,  in  our  discussion  of  planning  layout  and  arrangement  of 
the  industrial/vocational  education  shop,  safe  walking  and  working 
surfaces  were  mentioned  as  an  important  element  in  the  safety 
program.  Working  surfaces  may  be  floors,  ramps,  stairs,  ladders  or 
scaffolds.  In  the  school  shop,  as  in,  most  industrial  workplaces, 
students^  falls  on  or  from  these  surfaces  are  a  leading  cause  of 
injuries.  / 

Generally  speaking,  the/e  are  two  broad  classifications  of  falls: 

1.  from  the  sam^level 

\  1 

2.  from  differefit  levels. 

/ 

Analyses  of  injurie^  indicate  that  falls  from  higher  levels  usually 
result  in  severe  injuries..  However,  falls  on  the  same  level  occur 
more'frequently  and  can  result  in  serious  injuries. 

There  are  three  major  areas  of  concern  in  reducing  slips  and  falls 
in  the  shop.  They  are 

1.  selection  and  placement  of  flooring  mate'-ials 

2.  selection  of  the  most  efficient  systems  for  transporting 
people  and  material  from  one  level  to  another;  e.g.,  ra.nps, 
ladders,  stairs,  etc. 

3.  maintenance  of  working  and  walking  surfaces.  j 

In  this  unit,  specific  working  and  walking  surfaces  will  be  ex- 
amined. They  are:  ' 


INTRODUCTION 


CLASSES  OF  FALLS 


MAJOR  CONSIDERATIONS 
IN  REDUCING  FALLS 
IN  THE  SHOP 


1-  floors 
2.  ramps 


3.  stairs 

4.  ladders 


5.  scaffolds. 


WALKING  AND  WORKING 
SURFACES 
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FLOORS 


Slippery  Floors 


Obstructions 


Uneven  Floors 


Unsafe  floors  are  a  primary  source  of  accidents  in  the  industrial/ 
vocational  school  .shop.  Shop  floors  are  hazardous  to  stijdents  and 
instructors  when  they  are  not  maintained  in  serviceable  condi- 
tion, when  they  are  not  kept  free  from  materials  and  other  obn 
structions,  or  when  fhey  are  uneven  or  slippery.  Each  of  these 
hazards  will  be  discussed  in  greater  detail. 

Slippery  floors  usually  result  from  one  or  more  of  the  following 
.<:ituations: 

1.  the  spilling  of  water  or  other  liquids  such  as'  giease  or  oil. 
This  condition  can  be  eliminateti  by  repaying  leaks,  pro- 
viding spill  pans  and  cleaning  up  ^pilled  substances  imme- 
diately. 

t> 

2.  improper  draining  bf  water,  from  seepage  from  the  out- 
side, washing,  etc.  This  condition  can  be  corrected  by 
providing  an  adequate  number  of  drains  at  the  low  points 
of  floors;  in  severe  situations,  the  floor  rnay  have  to  be  , 
resurfaced  with  attention  to  adequate  slr5>e. 

Materials,  tools  and  work  in  process  often  become  obstructions 
to  the  uninterrupted  flow  of  traffic  in  the  shop.  Students  should 
be  instructed  not  to  use  the  shop  floor  as  storage  areas  for  equip- 
ment, materials  and  their  projects.  Adequate  storage  areas  shoiild 
be  provided^ 

Among  the  most  common  causes  of  unever^  floors  in  the  shop  are: 

y 

1.  warping  from  water  or  moisture 

2.  loose  boards 

3.  excessively  worn  surface  planks 

4.  setthng  of  the  building 

5.  improper  alignment  of  floors  during  the  construction  of 
additions  to  rooms 

6.  depressions,  cracks  or  ruts  c^used^  by  draggiitg  heavy  items 
across  floors  or  from  the  wheels  of  materials-handling 

/  equipment.  Rubber  tires:;^on  equipment  help  to  compen- 
sate for  th^s  problem. 
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Ramps  can  be  the  source  of  accidents:  slipping  on,  sliding  down, 
falling  off;  tripping  on  uneven  surfaces;  losing  co.ntrol  of  wheeled 
vehicles;  collisions;  collapse  caused  by  excessive  strain.  Ramps  are 
the  simplest  means  of  getting  from  one  elevation  to  another.  They 
can  be  constructed  of  timbers,  concrete,  metal  or  asphalt.  The 
generally  recommended  maximum  rise  of  one  foot  in  ten  feet  of 
distance  limits  the  use  of  ramps  where  there  is  need  for  consider- 
able height;  thus,  a  ramp  to  reach  an  eight-foot  height  would  have 
to  start  80  feet  away.  If  the  ramp  is  to  be  used  by  vehicles  (tracks, 
lift  trucks,  etc.),  it  would  be  hazardous  if  it  were  top  steep. 

Ramps  should  have  the  lowest  degree  of  slope  that  is  practical.. 
Six  degrees  is  the  recommended  maximum  slope;  it  should  never 
exceed  the  critical  angle,  which  is  20  degrees.  According  to  the 
Building  Exits  Code  (Vol.  4,  National  Fire  Codes-NFPA),  "All 
ramps  used  in  connection  with  exits  shall  be  of  substantial  con- 
struction, adequately  designed  for  use  as  exits."  Ramps  in  places 
of  assembly  may  have  the  following  maximum  slopes,  depending 
on  the  building's  capacity:  Class  A.  (capacity,  1000  people  or 
more)  -  one  inch  per.  foot;  Class  B  (capacity,  200-1000)  - 
1-3/16  inches  per  foot);  Claims  0  (under  200)  -  two  inches  per 
foot. 


Reprinted  from  .Safe  Working  Surfaces,  U.S.  Department  of  Labor, 
Bureau  of  Ubor  Standards,  Bulletin  292  (1967),  p.  5, 


It  5  are  to  be  used  for  wheeled  traffic  between  levels,  they 
shouiu  nave  a  solid  curb  on  open  sides  and,  to  prevent  bottlenecks, 
should  be  as  wide  as  the  aisles  or  road  they  service. 

The  .<^urfaces  of  steep  ramps  should  be  of  anti-slip  material,  such  as 
abrasive  metal  plates,  non-slip  compounds  or  abrasive  paints. 
Cleats,  when  necessary  for  hand-trucking  operations,  should  be 
evenly  spaced  eleven  to  sixteen  inches  apart  and  should  not  ihter-. 
fere  with  operation  of,  trucks.  Planks  should  not  overlap  and 
should  win  the  long  way  of  the  ramp. 


RAMPS 


Recommended  Maximum  Rise 

1'  =  .3  m. 
10'  =  3  m. 

8'  =  2.4  m. 
80*  =  24  m. 


Maximum  Slope 


> 

1"  perfect  =  2.5  cm.  per 
30  cm. 


1-3/16"  per  foot  =  3  em. 
per  30  cm. 

2"  per  toot  =  5  cm.  per 
30  cm. 


Surfaces 


11"  to  16"  =  28  to  41  cm. 
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STANDARD  RAILINGS 
ANDTOEBOARDSl 
4'  *  1.2  m. 
4*'  =  10  cm. 


Standard  GuardraU  System 
iT'  =  1  m. 
5  cm. 


2"  X  4"  =  5  cm.  xlOfcm. 
6'  =  1.8  m. 


r  X  4^'  =  2.5  cm.  X  10  cm. 
8'  -^2.4  m.  ^ 


M/2"=  3.8  cm. 
8'  =  2.4  m. 


2"  X  2"  X  3/8"  =  5  cm. 
X  5  cm.  X  20  mm. 
8'  -  2:4  m. 


4''  -  10  cm. 
1/4"  =  6  mm. 


Standard  guardrail  systems  are  recommended  especially  lor  that 
part  of  the  ramp  four  feet  or  more  above  adjacent  floor  or  ground 
areas.  Four-inch  toeboards  should  be  provided  on  open  sides  if 
p^'^rsons  can  pass  near  or  under  the  ramp,  if  the  ramp  is  over  or 
near  machinery,  or  if  material  while  being  transported  might  cre- 
ate a  hazard  if  dropped  (for  example,  round  objects). 

A  .«'tandard  guardrail  system  consists  of  a  top  rail,  intermediate 
rail  (midrail)  and  posts,  with  a  vertical  -distance  of  42  inches 
(plus  or  minus  two  inches)  from  the  upper  surface  of  the  top 
rail  to  the  floor,  runv/ay  or  platform  (see  Figure  13).  According  to 
OSHA  requirements  in  1910.23(e)(3): 

For  wood  railings,  the  posts  shall  be  of  at  least  two-inch 
by  four-inch  stock  spaced  not  to  exceed  six  feet;  the  top 
and  intermediate  rails  shall  be  of  at  least  two-inch  by 
four-inch  stock.  If  top  rail  is  made  of  two  right-angle 
pieces  of  one-inch  by  four-inch  stock,  posts  may  be 
spaced  on  eig|it-foot  centers,  with  two-inch  by  four-inch 
intermediate  rail. 

For  pipe  railings,  posts  and  top  and  intermediate  railings 
shall  be  at  least  1-1/2  inches  nominal  diameter  with  posts 
spaced  not  more  than  eight  feet  on  centers. 

For  structural  steel  railmgs,  posts  and  top  and  intermediate 
rails  shall  be  of  two-inch  by  two-inch  by  3/8-inch  angles  or 
other  metal  shapes*  of  equivalent  bending  strength  with 
posts  spaced  not  more  than  eight  feet  on  centers. 

Rail  frames  must  be  anchored  to  platforms  to  withstand  a  thrust 
of  200  pounds  applied  in  any  direction  at  any  point  of  the  top 
rail.  The  intermediate  rail  (midrail)  should  be  approximately 
halfway  between  the  top  rail  and  the  floor,  platform,  runway  or 
ramp.  A  toeboard  must  be  at  least  four  jnches  high  from  its  top 
edge  to  the  level  of  the  floor,  platform,  runway  or  ramp.  It  should 
be  made  of  substantial  material  and  securely  fastened  in  place  with 
not  more  than  1/4-inch  clearance  above  floor  level. 
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STANDARD  RAILINGS  AND  TOEBOARDS 


POSTS  AND  RAIIS 
7  '  -  4-   STOCK  ' 


From  Occupational  Safety  and  Health  in'  Vocational  Education  (Cin- 
cinnati:  NIOSH,  February  1979),  p.  40. 

Figure  12 

In  addition  to  their  use  on  ramps,  standard  raUings  are  required  Locations  Where  Stai:dard 

by  General  Industry  Safety  and  Health  Standards  (OSHA  1910.23)  Guardrail  Systems  Are 

*  Required 

1.  every  open-sided  floor  or  platform  four  feet  or  more    4'  =  1.2  m. 
above  the  adjacent  floor  or  ground  level.  These  areas  must 

be  guarded  on  all  open  sides,  except  where  there  is  an 
entrance  to  a  ramp,  stairway  or  fixed  ladder. 

2.  every*  stairway  opening  (on'  all  open  sides)  except  the 
entrance  to  the  stairway. 


9-7 


i? 


Safe  Working  Surfaces 


\ 
\ 

4*  =  1.2  m. 


10'  =  3  m. 


FIXED  INDUSTRIAL 
STAIRS 


6-1/2"  =  16.5  cm. 
9-1/2*'  =  24.1  cm. 


9-1/2*'  T  24.1  cm. 


1/2**     13  mm. 
V  =  25  mm. 


3.  every  ladderway  floor  opening.  These*  Dpenings  must  be 
guarded  by^  a  standard  guardrail  system  and  towboard  on 
all  sides,  with  passage  trough  the  railing  constructed  so 
as  to  prevent  a  perspK  from  walking  directly  into  the 
opening. 

4.  every  runway  or  catwalk  four  feet  or  more  above  ground 
level.  These  openings  must  have  protection  on  all  open 
sides. 

5.  on  scaffolds  or  platfoiins  ten  feet  or  more  above  the 
ground. 

6.  As  a  general  condition,  a  standard  toeboard  is  required 
wherever  people  walk  beneath  the  open  sides  of  a  plat- 

^form  or  under  similar  structures  or  where  things  could 
fall  from  the  structure  (for  example,  into  th3  machinery 
below).  r 

Accidents  involving  stairs  can  arise  from  many  sources:  irregular 
tread  or  risers,  loose  coverings,  worn  surfaces,  stepping  on  objects,  1 
buipping  head  on  ceiling  and  tripping  in  either  ascending  or 
descending.  Fixed  industrial  stairs  in  the  industrial/vocational 
education  shop  niiist  conform  to  requirements  for  safety  (OSHA 
1810.24  and  23). 

1.  Stair  Strength.  Fixed  stairways  must  be  designed  and 
constructed  to  carry  a  load  five  times  the  normal  live  load 
anticipated.  As  a  minimum  they  must  be  able  to  carry 
safely  a  moving  concentrated  load  of  1,000  pounds. 

2.  Risers.  Riser  heights  must  be  uniform  throughout  any 
flight  of  stairs.  T'hey  should  be  no  less  than  6-1/2  inches 
nor  more  than  9-1/2  inches. 

3.  Tread  Widths.  Tread  w'Jths,  like  riser  heights,  must -be 
uniform  throughout  any  flight  of  stairs.  Tread  width  of 
not  less  than  9^1/2  inches  plus  nosing  is  recommended. 
All  treads  must  be  reasonably  slip-resistant. 

4.  Nosings.  Stair  treads  and  the  top  lauding  of  a  stairway, 
where  risers  cjre  used,  should  have  a  nose  which  extends 
1/2  to  one  inch  beyond  the  face  of  the  Idwer  riser.  Noses 
should  have  an  even  leading  edge.  Nosings  must  be  of  non- 
slip  finish. 
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5.  Stair  Width,  The  minimum  width  is  22  inches. 

6.  Stairway  Railings  and  Guards.  If  the  flight  of  stairs  has 
four  or  more  risers,  the  following  guardrail  system  is 
required: 

a.  on  stairways  less  than  44  inches  wide  having  both  sides 
enclosed,  at  least  one  handrail,  preferably  on  the 
right  hand  descending 

b.  on  stairways  less  than  44  inches  wide  having  one  side 
open,  at  least  one  stair  railing  on  the  open  side 

c.  on  stairways  less  than  44  inches  wide  having  both  sides 
open,  one  stair  railing  on  each  side 

d.  on  stairways  more  than  44  but  less  than  88  inches 
wide,  one  handrail  on  each  enclosed  side  and  one 
stair  railing  on  each  open  side 

e.  on  stairways  88  or  more  inches  wide^  one  handrail  on 
each  enclosed  side,  one  stair  railing  on  each  open  side, 
and  one  intermediate  stair  railing  located  approx- 
imately midway  of  the  width 

7.  Vertical  Clearance,Vett\cal  clearance  above,  any  stair 
tread  to  an  overhead  obstruction  must  be  atUeast  seven 
feet,  measured  from  the  leading  edge  of  the  tread. 

8.  Lighting,  All  stairs  should  be  adequately  lighted. 

9.  Handrails,  Stairs  must  have  handrails  30  to  36  inches  high 
as  measured  from  the  tread  at  the  upper  face  of  the  riser. 

10.  .-bigle  o fairway  Rise.  The  angle  to  the  horizontal  made 
by  the  stair^  must  be  between  30^  and  50^. 


22"  =  55.9  cm. 


44"  =  112  cm. 


44"  =  112 


cm. 


88"  =  224  cm. 


7'  =  2.1m. 


30"  to  36"  =  76  to  91c 


m. 
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(1 12  cm) 

Stairway  less  than  44" 
and  open  on  one  side- 


T 


i 


INTERMEDIATE 
30".34"  RAILING 
{76-86  .HALFWAY 


i 


h22"MIN.  — 4 
(55.9  cm)  I 


Reprinted  from  Occupational  Safety  and  Health  in  Voca- 
tional Education  (Cincinnati:  NIOSH,  Feburary  1979), 
p.  38. 


FIXED  LADDERS 


20*  «  6  m. 
42"  «  1.1  m. 


Flights  have  from  four  to  seventeen  treads  between  landings. 
Twelve  treads  are  recommended  as  an  average  for  comfort  and 
uniformity. 

Ladders  must  be  purchased  wisely,  maintained  properly  and  used 
carefully.  They  can  fall  or  slip;  students  can  fall  or  slip  on  or  from 
them;  objects  can  drop  or  fall  on  or  from  them.  Metal  ladders  can 
cause  electrical  shock. 

At  various  locations  in  the  school,  fixed  ladders  may  be  installed 
for  a  variety  of  general  and  maintenance  uses.  These  ladders 
should  meet  the  following  requirements,  set  forth  in  OSHA 
Safety  and  Health  Standards  1910.27: 

1.  A  fixed  ladder  must  be  permanently  fastened  to  an  upright 
surface.  It  is  usually  constructed  of  metal. 

2.  A  ladder  must  have  cages  or  wells  on  it  if  it  rises  more  than 
twenty  feet  from  the  floor  (see  Figure  13).  Cages  must 
extend  a  minimum  of  42  inches  above  the  top  of  a  landing 
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MAINTENANCE  ITEMS 
TO  CHECK: 


S^m^  S0C9Nki 


«EOUCE  TO  2' 3* 
AS  Limit  ON  anCce 

APPROACHES  90^ 


ACCESS  TO 
LANDING 
PLATFORM 
THROUGH  LADDER 


INCLINED  LADDER 
AT  ELEVATION  A 
FOR  SPECIAL 
HAZARD  ONLY 


BAR  UDDER 


$eetiofis 


A'  OR  LESS 


ANGLE  IRON  UDDER 


Fixed  Ladder  with  Cage. 

From  Safe  mS^king  Surfaces,  U.S.  Department  of  Labor, 
Bureau  of  Labor  Standards,  Bulletin  292  (1957),  p.  19. 
Figure  13  ^ 


unless  Other  acceptable  protection  is  provided.  They  must 
extend  down  the  ladder  to  a  point  seven  or  eight  feet 
above  the  base  of  the  ladder.  A  platform  is  required  every 
thirty  feet  for  caged  ladders  and  every  twenty  feet  for 
unprotected  ladders  (when  no  ladtier  safety  device  is  used). 


Fixed  ladders  must  be  designed  to  withstand  a 
coDcentrated  load  of  at  least  200  pounds. 


single 


4.  Rungs  of  metal  ladders  must  have  a  minimrm  diameter  of 
3/4  inch.  Rungs  of  wood  ladders  must  have  a  minimum 
diameter  of  1-1/8  inches. 

5.  Rungs  must  be  at  least  sixteen  inches  wide,  be  spaced  no 
more  than  twelve  inches  apart  and  be  uniform  throughout 
the  length  of  the  ladder.  Rungs,  cleats  and  steps  must  be 
free  of  splinters  and  burrs. 


T  to  8'  =  2.1  to  2.4 

30'  =  9  m. 
20'  =  6  m. 


200  lbs.  =  91kg. 


3/4"  =  19  mm. 
1-1/8"  =  39  mm. 

16"  =  41  cm. 
12"  =  30  cm. 


m. 
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2-1/2'  =  76  cm. 
T  =  18  cm. 


PORTABLE  LADDERS 


6.  Ladders,  when  their  construction  and  location  so  requires, 
must  be  treated  wi^  a  preservative  to  resist  deterioration. 
Note  that  paint  will  not  adequately  preserve  a  wooden 
ladder. 

7.  The  preferred  pitch  for  safe  descent  is  75°  to  90°.  Unless 
•    caged  or  equipped-with  a  ladder  safety  device,  ladders  with 

90°  pitch  must  have  a  24/2-foot  clearance  on  the  climbing 
side. 


8.  There  must  be  at  least  a  seven-inch  clearance  in  back  of  the 
ladder  to  provide  adequate  toe  space  (see  Figure  14). 


1-1/8"  W00D\\£=5 


MIN.  DIA. 


\ 


2'6" 

CLEARANCE 


12"  MAX. 


3/4"  =  1.9  cm.     ^  2'6"  =  76  cm. 

I  1-1/8"  =  2.9'cm.  7"  =  17.8  cm. 

\  15"  =  38  cm.  ,  12"  =  30  cm. 
'16"  =  40.6  cm. 

From  Occupational  Safety  and  Health  in  Vocational 

Education    (Cincinnati:   NIOSH,  February  1979). 

p.  37. 

Figure  14 


Throughout  the  industrial/vocational  education  complex,  portable 
ladders  are  used  for  a  variety  of  tasks.  Among  the  most  common 
portable  ladders  found  in  the  shop  area  are  those  made  of  wood, 
steel,  aluminum,  magnesium  alloy  and  fiberglass. 

A  straight  ladder  consists  cf  two  beams  (side  rails)  and  rungs 
(cross  members).  The  top  end  of  the  ladder  is  called  the  tip  and. 
the  bottom  the  base. 
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A  standard  ladder  will  have  its  rungs  equally  spac  d  twelve  inches 
on  center  and  have  a  minimum  of  two  metal  cross  braces  set  at  a 
maximum  distance  of  ten  feet  apart  (see  Figure  15).  Single  ladders 
/must  be  no  more  than  thirty  feet  long.  Two-section  extension 
ladders  must  not  exceed  sixty  feet. 

mmm  length  =  30 ' 

TIE  RODS 

MAX,  10* 


iximm  MdBf 


MAXIMUM  LENGTH 

^    "    2  SfCTICNS=_6fl' 


0=  & 


eUlOE  IRONS 


LOCKS 


be- 


12"  =  30  cm. 

10'  =  3  m. 
30'  =  9  m. 
60'  =  18  m. 


18"=  3Ccm. 

10'  -   3  m. 

30'  =  J.I  m. 

60'  =  18.3  m. 
From  Safe  Working  Surfaces.  U.S.  Department  of 
Labor,  Bureau  of  Labo.   Standards,  Bulletin  292 
(19S7),  p.  13. 

Figure  16 


Defective  laddew  must  not  be  used.  Ladders  are  defective  if  they 
have  defecti  the  wood,  crossgrain  knots,  cracks,  checks,  shades, 
decay,  loose  or  broken  rungs  or  pitch  pockets. 


Defective  Ladders 
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Extension  Ladders 


Lapping  Strengths 

36'  =  11  m. 

3'  =  .9  m. 

48'  =  14.6  m. 

4'  =  1.2  m. 

60'  *  18.4  m. 

5'  =  1.5  m. 

Non-Siip  Bases 


An  extension  ladder  consists  of  a  bottom  section  called  the  bed 
and  a  movable  top  section  called  the  fly.  The  fly  is  extended  from 
the  bed  by  a  lanyard  and  pulley  arrangement  and  locks  on  the 
rungs  of  the  bed  ladder  with  automatic  locks  called  dogs. 

When  examining  extension  ladders,  take  care  to  be  sure  that, 
automatic  locks  are  operable,  free  from  defects,  and  work  effr- 
ciently  by  gravity  alone.  Also  consider  the  size  and  condition  of 
the  rope  and  the  condition  of  the  hoisting  pulley.  Worn,  undei^ 
sized  rope  should  be  replaced  as  should  rusted  parts  and  puUeys 
which  are  not  anchored  o^-operly  or  do  not  turn  freely. 


Lapping  means  that  one  section  overlaps  with  another  to  give 
strength  to  the  ladder  where  sections  meet.  On  two-section  exten- 
sion ladders,  the  minimum  overlap  for  the  two  sections  is  specified 
in  OSHA  1910.25:  for  ladders  up  to  and  including  36  feet,  a 
three-foot  overlap;  for  ladders  between  36^ and  48  feet,  a  four- 
foot  overlap;  for  ladders  from  48  to  60  feet,  a  five-foot  overlap. 

It  is  recommended  that  aU  portable  ladders  be  equipped  with  non- 
slip  bases  to  provide  for  adequate  traction.  There  are  four 
common  nonslip  bases  for  ladders:  universal,  rubber  suction,  spike 
and  toothed  (se.e  Figure  16). 


Nonslip  Ladder  Bases. 


From  Safe  Working  Surfaces  U.S.  De- 
partment of  Labor,  Bureau  of  Labor 
Standards,  B'.  letin  292  (1967),  p.  15. 


Figure  16 
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1.  The  so^alled  "universal"  ladder  shoe  can  be  used  on  solid 
surfaces  with  the  corrugated  surface  down,  or  with  the 
spike  turned  down  for  use  on  soft  footing  such  as  the 
ground.  These  shoes  are  obtainable  with  corrugated 
surfaces  made  of  cork,  rubber,  cord  or  abrasive  mate*-ials. 

^2.  The  rubber  suction  surface  shoe  is  available  in  rubber, 
neoprene  or  cord  and  is  excellent  for  wet,  smooth  surfaces. 

3.  So-called  "spike"  shoes  have  spikes  made  of  metal,  gen- 
erally of  steel  or  bronze,  and  are  used  outdoors. 

4.  Toothed  shoes  are  used  for  work  on  construction,  especial- 
ly concrete  floors,  sidewalks  or  asphalt  surfaces.  ^ 

In  those  areas  where  oil  or  certain  solvents  may  bo  contacted, 
rubber  shoi^ld  not  be  used  on  ladder  shoes  because  of  the  effect 
of  the  solvents  on  rubber.  Neoprene  and  some  other  plastics  are 
not  affected  by  oil. 


Universal 


Ladder  shoes  must  be  maintained  in  efficient  condition.  When 
they  no  longer  serve  the  purposes  intended,  they  should  be  dis- 
carded and  replaced  with  new  ones. 

No  matter  how  well  constructed  and  maintained,  ladders  are  safe 
only  when  used  properly.  The  followiijg  practices  should  be  ob- 
served when  placing  ladders: 2 

1.  Be  sure  that  the  horizontal  distance  from  the  base  to  the 
vertical  plane  of  the  support  is  approximately  one-fourth 
che  ladder  length  between  supports  (see  Figure  17).  For 
example,  place  a  twelve-foot  (3.7  m.)  ladder  so  that  the 
bottom  is  three  feet  (.9  m.)  away  from  the  object  against 
which  the  top  is  leaning. 

2.  Never  use  a  ladder  in  a  horizontal  position  as  a  runway  or 
scaffold.  Single  and  extension  ladders  are  designed  for  use 
in  a  nearly  vertical  position  and  cannot  be  used  safely  in  a 
horizr^ntal  position  or  with  the  base  at  a  greater  distance 
from  the  support  than  indicated  in  #1. 


Rubber  Suction 


Spike 


Toothed 


Chemical  Decomposition 


Maintenance 
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Ladder  Placementj 


3. 


Never  place  a  ladder  in  front  of  a  door  that  opens  toward 
the  ladder  unless  the  door  is  locked,  blocked  or  guarded. 
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Safe  procedure  in  setting  up  a  ladder. 
The  base  should  be  one-fourth  the 
ladder  length  from  the  vertical  plane  of 
the  top  support.  Where  the  rails  extend 
above  the  top  landing,  ladder  length  to 
the  top  support  only  is  considered. 


Reprinted  with  permission  from  Acci- 
dent Prevention  Mdnual  for  Industrial 
Operations- Engtr.jerlng  and  Technology 
(Chicago:  National  Safety  Council,  1980). 
p,  55. 


A 


4 


Figure  17 


4.  Place  a  portable  ladder  so  that  both  side  rails  have  secure 
footing.  Provide  soiid  footing  on  the  ground  to  prevent  the 
ladder  from  sinking. 

5.  Place  the  ladder  feet  on  a  substantial  and  level  base,  never 
on  movable  objects. 


6.  Never  lean  a  ladder  against  unsafe  backing  such  as  loose 
boxes  or  barrels, 

7.  When  using  a  ladder  Idt  access  to  high  places,  securely  lash 
or  otherwise  fasten  the  ladder  to  prevent  its  slipping. 

8.  When  using  a  ladder  for  access  to  a  scaffold,  secure  both 
bottom  and  top  to  prevent  displacement. 

9.  Extend  the  ladder  side  rails  at  lleast  three  feet  above  the 
top  landing.  ^ 

10.  Do  not  place  a  ladder  close  to  live  electric  wiring  or  against 
any  operational  piping  (acid,  chemical,  sprinkler  system, 
etc.)  where  damage  may  be  done. 
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11.  Avoid  using  metal  ladders  where  they  might  come  in  con- 
tact with  electric  circuits.  If  such  use  cannot  be  avoided, 
take  proper  safety  measures  to  prevent  short  circuits  or 
electrical  shock. 


The  following  practices  shouid 
descending  ladders: 3 


be  observed  when  ascending  or 


1.  Hold  on  with  both  hands  when  going  up  or  down.  If  mate- 
rial must  be  handled,  raise  or  lower  it  with  a  rope  either 
before  going  down  or  after  climbing  to  the  desired  level. 

2.  Always  face  the  ladder  ^vhen  ascending  or  descending. 

!  * 

1 

3.  Never  slide  down  a  ladder. 

4.  Be  sure  that  your  shoes  are  not  greasy,  muddy  or  slippery 
before  you  climb. 

5.  Do  not  climb  higher  than  the  third  rung  from  the  top  on 
straight  or  extension  ladders  or  the  second  tread  from  the 
top  on  stepladders. 

As  part  .of  the  school  safety  and  health  inspection  program, 
ladders  should  be  thoroughly  inspected  every  three  months.  The 
routine  inspection  form  in  Figure  19  highlights  the  major  areas 
to  be  inspected.  An  accurate  record  of  each  inspection  should  be 
kept. 


The  Safety  Code  for  Portable  Wood  Ladders,  ANSI  Ali.l,  states 
that  "ladders  should  be  kept  coated  with  a  suitable  protective 
material.  The  painting  of  ladders  is  satisfactory  providing  the 
ladders  are  carefully  inspected  prior  to  painting  by  competent  and 
experienced  inspectors  acting  for  and  responsible  to  the  purchaser, 
and  the  ladders  are  not  for  resale."  However,  a  clear  wood  pre- 
servative such  as  linseed  oil  is  a  better  choice  than  p^int.  It  does 
not  cover  up  defects,  ?nd  it  provides  better  traction  overall. 

If  a  ladder  is  to  be  coated,  it  must  be  coated  completely.  Other- 
wise the  uncoated  portions  attract  moisture,  which  C'-^nnot  leave 
the  wood  because  of  the  more  or  less  impervious  coating.  In  such  a 
case  the  protective  coating  encourages  rather  than  retards  decay. 

Scaffolds  are  temporary  elevated  working  platforms  designed  to 
support  both  workers  and  materials.  The  major  hazards  which 


Ascendin^.or  Descending 
Ladders 


Ladder  Maintenance 


Coating  Ladders 


SCAFFOLDS 
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scaffolds  present  are  the  danger  of  people  or  equipment  falling; 
accidents  when  getting  on  or  off;  objects  falling  from  above  orto 
those  on  scaffolds;  mobile  scaffolds  rolling;  and  the  setting,  shift- 
ing, breaking  loose  or  collapse  of  the  S'jaffolding  itself. 


LADDER  INSPECTION  CHECKLIST 


G«n«r«) 


Item  !o  B«  ChtcK»d 


N4»«d«  Condition 
R«p«!r  O.K. 


loose  steps  or  rungs  (consiOeretj  loose  1  they  can  be  moved  at  l'A  with 

the  hand)  * 
Loose  naits.  screws,  bol^s.  or  other  metal  part « 
Cracked,  split,  or  btoKen  uprights,  braced,  steps,  or  rungs 
Slivers  on  uprights,  rungs,  or  steps.  v 
Damaged  or  worn  nonsfip  bases 

Sttp  ladders 

Wobbly  (Irom  side  strain)  ^ 
Loose  or  bent  hinge  spreitfers 
Stop  on  hinge  spreaders  hrok^n 

Broken,  split,  or  worn  steps  .  .  « 

Loose  hinges 

Extension  Ladders 

Loose,  broken,  or  missmg  extension  locks 

Detective  locks  that  do  not  seat  properly  when  the  ladder  is  extended 
Dete'ioration  of  rope,  from  exposure  to  acid  or  other  destructive  agents 

Trolley  Ladders 

Worn  or  missing  tires 
Wheels  that  bind 

Floor  wheel  brackets  broken  or  loose 
Floor  wheels  and  brackets  missmg 
Ladders  binding  in  guides 
Ladder  and  rait  stops  broken  loose  or  missirtg 
Rait  supports  broken  or  section  ol  rail  missing 
Trotley  wheets  out  of  8d|ustment 

Trestle  Ladders 

Loose  hinges 
Wobbly 

Loose  or  bent  hinge  spreade.s 

Stop  on  hin^e  spreader  broken 

Center  section  guide  for  extension  out  of  alignment 

Defective  locks  for  extension 

Sectlo.  .1  Ladders 

Worn  or  loose  meiai  parts 
Wobbly 

Fixed  Ladders 

Loose  worn  or  damaged  rungs  or  side  rails 
Damaged  or  corroded  parts  of  cage 
Corroded  bolts  and  rivet  heids  on  mside  of  metal  stacks 
Damaged  or  corroded  handrails  or  brackets  on  platforms 
,  Weakened  or  damaged  runos  on  brick  or  concrete  slabs 
Base  of  ladder  obstructed 

Fire  Ladders 

Markings  illegible 
Improperly  stored 
Storage  obstructed 


n 

2 
3 


a 
c 
a 


□ 

Q 


C 

Q 

n 


Q 
□ 
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Reprinted  with  permission  from  Accident  Prevention  Manual  for 
Industrial  Operations,  7th  ed.  (Chicago:  National  Safety  Council, 
1974),  p.  415. 

Figure  18 
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Most  scaffolds  fall  mto  one  of  three  primary  categories:  wood 
pole,  tube  and  coupler  and  tubular  welded  frame. 

Wooden  pole  scaffolds  are  sometimes  classified  according  to  their 
use:  light  duty  (e.g.,  plastering,  lathing)  and  heavy  duty  (stone- 
masonry;  bricklaying). 

c 

Tube  and  clamp  (coupler)  scaffolds  are  an  assembly  consisting 
of  tubing  which  serves  as  posts,  bearers,  braces,  ties  and  runners, 
a  base  supporting  the  posts  and  special  couplers  which  serve  to 
connect  the  uprights  and  to  join  the  various  members. 

Tubular  welded  frame  scaffolds  are  built  up  of  prefabricated 
welding  sections  consisting  of  posts  and  bearers  with  intermediate 
connecting  member^.  They  are  braced  with  diagonal  or  cross 
braces.  Such  scaffolds  are  quicker  and  easier  to  set  up  than 
wooden  pol.e  scaffolds. 

Because  tubular  metal  scaffoldii>g  is  readily  available,  versatile, 
adaptable  to  all  scaffolding  problems  and  economical,  it  is  gen- 
erally^  used.  Most  manufacturers  and  suppliers  of  tubular  metal 
scaffolding  provide  engineering  service  to  help  in  the  design  of 
adequate  scaffolding. for  any  situation.  Many  suppliers  also  furnish 
erection  and  dismantling  service.  , 

Some  scaffolding  is  mobile  or  rolling.  These  are  caster-mounted 
sections  of  tubular  metal  scaffolds  (see  Figure  19)  or  are  made  of. 
components  specifically  mad^  for  the  purpose.  When  mobile 
(rolling)  scaffolding  is  used,  additional  precautions  must  be  taken 
to  ensure  safety.  These  are  spelled  out  in  OSHA  Safety  and  Health 
Standards  29  CFR  1910.29.  .  '  \ 


GUARDRAilS  V>  to  1^  t*tCu 
»ROM      ATfORM  II  VI  I 

TOf BOARDS   •  M.O««0«MOHt 


TOIBOAROS  A  CUAROi^AuS 
IN&TAlLIOOSCeN  <i«P|S  A'.Q 

10  miGh 


CASTfR^ 
AT  ilAST  JQt  * 

MUST  91  ;m(  smvi 


36"  to  42"  «  91  cm.  to  107  cm. 
4"  «  10  cm. 
10'  «  3  m. 

From  Occupational  Safety  and  Health  in  Vocational  Education  (Cin- 
cinnati: NIOSH.  February  1979),  p.  41. 

>»        Figure  19 


Wooden  Pole 


Tube  and  Clamp  (Coupler) 


i  uDular  Welded  Frame 


Mobile  (Rolling)  Scaffolds 


9-19 


Sate  Working  Surfaces 


General  Requirements  for 
Scaffolds 


10'  =  3  m. 

.4'  to  10'  =  1.2  to  3  m. 
45"  =  li[4  cm. 


12"  =  30  cm. 

6"  =  15  cm. 
18"  =  46  cm. 
12"  =  30  cm. 


The  following  are  general  requirements  for  all  '•caffolding  (see 
1910.28). 

1.  All  scaffolding  must  be  sound,  rigid  footing  or  anchorage, 
'  capable  of  holding  the  intended  load  without  settling  or 

shifting.  Unstable  objects  such  as  barrels,  boxes,  loose 
bricks  or  concrete  blocks  must  not  be  used  to  support 
scaffolds  or  planks.. 

2.  Guardrails  and  toeboards  must  be  used  on  all  open  sides 
and  ends  of  platforms  which  are  more  than  ten  feet  above 
the  ground  or  floor  (except  needle  beam  scaffolds  and 
floats  in  use  by  structural  iron  workers).  Scaffolds  four  to 
ten  feet  high  which  are  less  than  45  inches  wide  must 
also  have  guardrails. 

,    3.  An  access  ladder  or  equivalent  safe  access  must  be  pro- 
vided. 

4.  Scaffolds  and  their  components  must  be  able  to  support 
at  least  four  times  the  maximum  intended  load.  Scaffolds 
must  not  be  in  excess  of  the  working  load  for  which  they 
are  intended.  Wire  or  fiber  rope  used  for  scaffold  suspen- 
sion must  be  capable  of  supporting  at  least  six  times  the 
intended  load. 

5.  All  planking  or  platforms  must  be  overlapped  ^t  least 
twelve  inches  or  secured  from  movement. 

6.  Planks  must  extend  over  the  end  supports  not  less  than  six 
inches  or  more  than  eighteen  inches  (not  more  than 
twelve  inches  on  construction  sites),  and  should  be  secured 
from  falling  off  the  platform. 

7.  Scaffolds  must  be  secured  when  in  use  and  must  not  be 
moved  when  in  use  or  occupied. 

8.  All  scaffolds  must  be  maintained  a  safe  condition  at  all 
times.  Un^fe  scaffolds  should  be  removed  from  the  site 
for  disposal  or  the  defective  parts  immediately  replaced  or 
repaired. 

9.  The  poles,  legs  or  uprights  of  scaffolds  must  be  plumb  and 
securely  and  rigidly  braced  to  prevent  swaying  and  dis- 
placement. 


\ 
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10. 


Planking  must  be  .scaffold  grade  for  the  species  of  wood 
used  if  the  scaffold  is  of  the  wood  pole  type.  The  max- 
imum permissible  spans  for  two-by-nine  inch  or  wider 
planks  are  as  follows: 


MATERIAL 

FULL  THICKNESS 
UNDRESSED 
LUMBER 

NOMINAL 
THICKNESS 
LUMBER 

Working  Load  (psf) 

Permissible  Span  (ft.) 
'  II 

25.    50  75 
10      8  6 

25  50 
8  6 

ptanX  of  fuit  thickness  is  four  feet,  with  medium  loading  of 
50ps,f 

11.  Where  there  are  overhead  hazards,  overhead  protection 
must  be  provided.  No  one  should  work  on  scaffolds  during 
storms  or  high  winds. 

The  construction  or  purchase  of  safe  floors,  ramps,  railings, 
stairs,  ladders  and  scaffolding  is  the  first  step  in  providing  safe 
working  surfaces  in  the  industrial/vocational  education  shop. 
The  second  step  is  properly  maintainijig  these  structyres,  and  the 
third  step  is  using  them  properly.  If  these  three  steps  are  taken, 
many  accidents  will  be  prevented  and  a  safer  shop  environp^ent 
will  result. 

\ 

NOTES 

1.  The  sections  Standard  Railings  and  Toeboards,  Fixed  Indus- 
trial  Stairs,  Fixed  Ladders  anc'  Scsiffolds  have  been  carefully 
'reviewed  by  OSHA  .staff  mer/bers.  In  order  that  this  instruc- 
tional material  contain  the  most  current  information  available, 
It  includes  those  revisions  which  are  planned  in  General 
Industry  OSHA  Safety  and  Health  Standards,  29  CFR  Part 
1910,  Subpart  D. 

2.  Adapted  from  Accident  Prevention  Manual  for  Industrial 
Operations  (Chicago:  National  Safety  Council,  1974),  pp.  416 
-417,  and  General  Industry  OSHA  Safety  and  Health  Stand'^ 
ards  (29  CFR  1910),  U.S.  Department  of  Labor,  November  7 
1978,  pp.  25-28.  . 

3.  Accident  Prevention  Manual  for  Industrial  Operations,  p.  417. 


2"  X  9"  =  5  cm.  x23cm. 


M/4"  X  9" 

=  3  cm.  X  23  cm. 

4'  =  1.2  m, 


CONCLUSION 
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« 

QUESTIONS  AND  ANSWERS 


1.  Name  the  two  broad  classifications  of  falls. 

  % 

a.   Fall  from  the  same  level 

h.   Fall  from  different  levels 


2.  Slippery  floors  are  a  hazard  in  the  school  shop.  They  are  most  commonly  caused  by  . . . 
 v.. . 

Spilling  of  water  or  other  liqufds  such  as  grease  or  oil. 

 *   ✓ 

3.  Three  reasons  for  uneven  floors  in  the  shop  are  

 )  :  

Any  three  from  among  the  following: 

a.  warping 

b.  loose  boards 

o 

c.  excessively  worn  surfaces 

d.  settling  of  the  building 

e.  imp'^oper  alignment  of  floor 

f.  depressions,  cracks  or  ruts 
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4.  What  is  a  standard  guardraU  system?     42"  =  107  cm.     2"  =  5  cm.    4"  =  10 


cm. 


A  standard  guardrail  system  consists  of  a  top  rail,  midraU  and 

posts  with  a  vertical  distance  of  42  inches  (plus  or  minus  two 

inches)  from  the  upper  surface  of  the  top  raU  to  the  floor,  1^ 

runway  or  platform.  A  four-inch  toe  board  should  be  provided  ^ 

on  open  sides. 


5.^  What  are  the  four  common  nonslip  bases  for  ladders? 


a.  ifnivejrsal 

b.  rubber  suction 

c.  spike 

d.  'toothed 


6.  What  is  the  formula  for  placing  a  portable  ladder  against  a  building?    12'  =  3.7  m. 
3'  -  .9  m.  ^ 


The  horizontal  distance  from  the  base  to  the  vertical  plane  of 
the  support  should  be  approximately  one-fourth  .^f  the  ladder 
length  between  supports.  Thus  a  twelve-foot  ladder  should  be 
plac.ed  so  that  the  .bottom  is  three  feet  away  from  the  object 
on  which  it  is  leaning. 
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MAINTAINING  THE  INDUSTRIALA^OCATIONAL  SCHOOL  SHOP 


METHODS 


PURPOSE 


\ 


OBJECTIVES 


SPECIAL  TERMS 


INSTRUCTOR 
MATERIALS 


TRAINEE 
-MATERIALS 


jLecture,  Oiass  Participation 


-  LENGTH:  45  Minutes 


To  examine  the  roles  of  preventive  maintenance  and  housekeeping  in  the 
school  shop  safety  and  health  program. 


To  introduce  the  participant  to:  -  - 

1*  General  maintenance  functions 

2.  Advantages  of  preventive  maintenance 

'3*  'Principles  of  maintenaiice  management 

4.  Elements  in  a  preventive  maintenance  program 

5*  Benefits  of  good  housekeeping 

6*  Conditions  which  indicate  poor  housekeeping 

7.  Keys  to  gbod  housekeeping; 


1.  Preventive  Maintenance 

2.  Accident  Prevention  Tags 


Lesson,  Plan 

35  mm  Slides,  Projector  anli^creen 
Overhead  Transparencies,  Projector  and  Screen 
Chalk  Board/Chalk 


Participant  Outlines  and  Supplementary  Materials 
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Even  when  safety  and  health  were  prime  considerations  in  plan- 
ning and  constructing  an  industrial/vocational-  school  shop^  the 
shop  can  teem  with  hazards  if  the  facilities  are  not  properly  main- 
tained. Since  they  may  be  considered  different  sid6s  of  the  same 
coin,  both'  prevfentive  jnaintepance  and  Jiousekeepfng*  wiD  be 
disiQUSsed  in  this  unit. 

Maintenance  is  an  important  aspect  of  the  total  industrial/voca- 
tional education  safety  and  Health  program.  Insufficient  or  mi- 
proper  maintenance  can  result  in  accidents,  property  damage 
and  equipment  breakdown.  Although  many  activities  described  in 
this  unit  are  usually  done  by  maintenance  personnel,  tpreventive 
maintenarice  must  be  understood  as  a  shared  responsibUity. 

Students  caring  for  tools  and  equipment  accomplish  specific' 
maintenance  tasks. 

The  student  shop  foreman,  the  instructor  and  the  department 
head  perform  other 'maintenance  duties  (e.g.,  oiling,  tightening 
guards,  adjusting,  tool  rests,  replacing  wheels)  and  monitor  the 
preventive  maintenance  program. 

The  Shop  Safety  and  Health  Committee  can  help  maintenance 
personnel  to  set  up  schedules  for  servicing' or  replacing  machinery 
and  equipment  parts;  committee  members,  during  their  periodic 
inspections,  see  that  preventive 'maintenance  functions^are  being 
performed  satisfactorily. 


Maintenance  has  four  main  functions  which  affect  safety  at 
health:  ^  .  , 


i.  installing,  constructing  and  maintaining  buildings,  facili- 
ties, equipment  and  machinery.  By  assuring  that  all  plant 
arid  facilities  design,  layout,  construction  and  installation' 
work  conforms  to  good  engineering  and  shop  practices, 
the  maintenance  organization  has  taken  an  important  first 


.INTRODUCTION 


PREVENTIVE 

MAINTENANCE:  A  SHARED 
RESPONSIBII.ITY 

Maintenance  Personnel 


Students 


Student  Shop  foremen 
Instructors' 
Department  Heads 


Shop  Safety  and  Health 
Committee 


fiS^  FUNCTIONS  < 


NSOF 
MAINTENANCE 

Installing,  Constructing  and 
Maintaining  BuUdings, 
FacUities,  Equipment  and 
Machinery 
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Providing  Utility  Services 
^  for  Shop  Operation^ 


Cleaning  Facilities  and 
Disposing  joC  Wastes 


Providing  Planned  Preventive. 
Maintenance  ' 


DEFINITION  OF 

PREVENTIVE 

MAINTENANCE 


ADVANTAGES  OF 

PREVENTIVE 

MAIN:rENANCE 


Safer  Working  Conditions 
/ 


Increased  Training  Time, 
Decreased  "Down  Time" 


:;  ERLC 


step  toward  the  redu^tfSn  of  hazards  and  potei^tiaT acci- 
dents. \  ^     '  .  ^ 
» 

2.  providing  (itility  services  (heat,  lights  powery'  compressed 
.  air,  etc)  [for  shop  operation^.  During  these  activities, 
'  maintenance  makes  sure  that  acceptable  standards  are 

being  followed  and  that  hazards  which  have  the  capacity 
to  cause  accidents  are'located. 

3.  providing'  for  the  cleaning  of  facilities  and  the  disposal  of 
^   ,    ^crap  materials  and^waste,  Thesfe  functions ^are  not  simply 

pushing,  brooms  and  taking  out  the  garbage.  Windows  ajid 
lighting  fixtures  must  be  cJeaned  regularly  to  provide' 
necessary  illumination.  CertaiiV  materials  must  not  be 
drained  'info  a  public  sewage  system;  chemical  wastes  and 
acids  shojild  be  removed  in  prescribed  containers. 

4.  .j)roviding  planned  preventive  maintenance  on  all  build- 

ings,Mectrical  sy^enis,  machinery  and  equipment. 

This  unit  will  concentrate  on  the  last  two  maintenance  functions. 

Preventive  maintenance,  may  be  defined  as  orderlyf  uniform, 
continuou^and  scheduled  :action  by  the  maintenance  organization 
to.  prevent  breakdown  and  prolong  the  useful  life  of  equipment 
and  buildings.      *  ^  )   '  • 

Some  advantages  to  be  gained  from  preventive  maintenance 
include  safer  working  conditions,  more  training  time  on  the 
equipment,  decreased  "down  time"  of  equipment  because  of 
breakdown  and  increased  life  of  the  equipment.  < 

Poor  maintenance  can  cause  accidents.  If  a  guard  is  not  replaced", 
after  it  has  been  removed  for  routine  lubrication  or  repair,  tlien 
maintenance  personnel  have  created  a  new  hazard.  Proper  ^mainte- 
nance eliminates  hazards  instead  of  making  them.  For^example, 
during  routine  maintenance  a  local  exhaust.system  might  ^e  found 
with  its  fan  not  operating  or  with  a  substantial  amount  of  airborne 
dust  around  the  exhaust  hood.  In  any  case,^  the  exhaust  ^stem 
cannot  function  properly  aAd  req?iires  attention.  In  another  situa- 
tion, wires  with  frayed  insulation  might  be  discovered,  indicating 
the  need  for  repairs. 

^  '     .  0  *  - 

The  proper  maintenance  of  the  shop  and  its  equipment  is  essential 
to  the  continuity  of  the  industrial/vocational  .education  program. 
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Satisfactory,  operating  results  are » contingent  upon  having  build- 
ings, equipment,  machinery,  portable  tools,  safety  devices  and  the 
like  in,  operating  condition  and  maintained  in  such  manner  that 
*  instructional  "activities  will  not  be'*  interrupted  while  repairs  are 
being  made  or  equipment  replaced.  Because. preventive  mainte- 
nance reduces  the  **down  time''  of  machinery,  more  training  time 
on  the  equipment  is  available. 

Preventive  maintenance  prolongs  the  life  of  the*  equipment  by 
.  ensuring  its  proper  use.  When  maintenance  personnel  and  instruc- 
tors cooperate  to  make  sure  that  tools  are  dressed  or  sharpened 
and  in  satisfactory  condition,  the  right  tool  will  be  used  for  the 
job.  When  safe  and' properly  maintained  tools  are  issued,  students 
havfifjan  added  incentive  to  give  the  tools  better  care. 


When  repairs  are  made  so  that  equipment  is  not  inoperative  for 
Jong  periods  of  time,  students  do  not  need  to  improVise  by  using  a 
piece  of  equipment  for  a  purpose  for  which  it  was  not  intended, 
Sound  and  efficient  maintanance  management  anticipates  machine 
•and  equipment  deterioration  and  sets  up  overhaul  procedures 
designeH  to  correct  defects  as  soon  as  they  develop.  Such  a  repair 
and  overhaul  system  obviously  requires  close  integration  of  main- 
tenance with  shop  inspection. 

The  basic  principles  of  maintenance  management  are  organiza- 
tion, motivation  and  control. 

^  «  * 

; .      Organizing  meani^: 

^ ' •  '  •< .    .  ■    ■  ■  ' 

'  1.  a<vtablishing  policies  ?nd  procedures  for  operating  the  pro- 
gram 

2.  ^designatingoand  assigning  staff  to  supervise  and  carry  out 
/         the-maincenance^activities  ' 

3.  providing  them  with  the  means  to  get  the  job  done. 

Maintenance  personnel  must  have  the  proper  tools,  materials  and 
equipment  to  do  the  job  thatyneeds  to  be  done  when  it  needs  to  be 
done,  witRout  undue  delay  and  without  requiring  the  machines  or 
equipment  to  be  pfartly  torn  down  or  out  of  order  any  longer  than 
necessary. 

Motivation  in\)lves  instilling  a  strong  sense  of  responsibility  in 
all  maintenance  personnel  to  assUre  that  they  will  take  .care  of 


Prolonged  Equipment  Life 


PRINCIPLES  OF 
MAINTENANCE 
MANAGEMENT 

^Organization 


r 


Motivation* 
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r 


I 


Control 


COMPONENTS  OF 

PREVENTIVE. 

MAINTENANCE 


/ 


Scheduling^and  Perfonning 
Maintenance 


Activities  to  be  Scheduled' 


theit'  duties  conscientiously  and  carefully.  This  involves  training 
them  in  the  safe  procedures  to  be  foUowing  during  maintenance 
and  in;;the  keepmg  of  good  records. 

f       •        ■ :  '     '  '   *  ^ 

Control  is  concerned  with  the  actual  activity  of  preventive  or  cor- 
rective maintenance.  The  more  efficient  preventive  maintenance  is, 
the  fewer  times  more  expensive  actions  will  be  necessary.  Overall . 
control  is  a  supervisor  function.  Maintenance  management  re- 
quires* that  one  person  in  the  organization  be  responsible  for 
seeing  that  all  phases  of  the  program  are  operating  in  accordance 
with  policy  and  procedures. 

Preventive  maintenance  has  four  main  components: 

1.  scheduling  and  performing  periodic  maintenance  •  func- 


tions' 


\ 


2.  keeping  records  of  service  and  repairs 

.  ■        •        ~  ^ 

3.  repairing  and  refUacing  equipment  and  equipment  parts 

4.  providing  spare  parts  control.  %        »  • 

Maintenance  schedules  can  be  set  up  on  eith(<^r  a  time  or  use  basis, 
whichever  comes  first.  Factors  to  be  considered  include  • 

.  •  the  age  of  the  machine  '  - 

•  ^the  number  of  hoj^  per  day  the.m^hme  is  used' 

•  pa^  experience       .  / 

•  the  manufacturer's  recommendations. 

ManufacturerV^pecification^  provide  standards  which  need  to  be 
maintained  for  safe  and  •  economical  use  of  the  machine.  These  * 
specifications  give  maintenance  personnel  definite  guiddines  to 
follow.  .  .  ' 

Examples  of  various  activities  which  ne^d  to  be  scheduled  include: 

•  lubrieating^ach  piece  of  equipment  ^  •  '  .  ^ 

•  replacing  belts,  puUeys^  fans  an|i  other  moving  parts 
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I  •    checking  and  adjusting  brakes. 

Two  Hinds  of  records  need  to  be  k^pt.  The  first  a  maintenance 
service  schedule  for  each  piece  of  equipment  in  the  shop;  Such  a 
schedule  indicates  the  date  the  equipment  was  purchased  or 
'a  placed  in  operation,  its  cost  (if  known),  the  shop  in  whiclr  it  is 
used,' each  part  to  be  serviced,  the  kind  of  service  required,  the 
frequency  of  service  an^  the  one  assigned  to  do  the  servicing. 

,    Each  piece  of  equipment  also  requires  a  repair  record^  which 
includes  an  itemized  list  of  parts  replaced  or  repaked  and  the 
*name  of  the  person  who  d\d  the  work. 

In  addition  to  scheduled  .adjustments  and  replacements,  mainte- 
nance personnel  are  presented  with  malfunctioning' or_^broken 
equipment.  Repairs  should  be  made  in  accordance  with  manu- 
facturer's specifications.  Sometimes  eqrfn>m'ent.  must  be  sent 
back  to  the  manufacturer  or  his  representative  for  repair.  Mainte- 
nance personnel  should  be  aware  of  their  limitati^ons  and  recog- 
nize  that,  their  experience  and  expertise  is  not  sufficient  for  all 
repairs.  .     ;  \ 

Those  assigned  repair  responsibilities  require  special  sa^ty  train*, 
ing.  Jobs  to  be  performed  include  testing  or  working  on  equip- 
/  menr  with  guards  and  safety  devices  removed.  Therefore,  a  state- 
ment of  necessary  precautions  should  accompany  the -repair 
directive.  * 

Maintenance  personnel,  along  with  instructors  and  Shop  Safety 
and  Health  Committee  members,  hav6  ,a  responsibility  to  tag 
and/or  lock  out  defective  equipment.  Tags  are  riot  to  be  consid- 

^  er3d  a  complete  warning  method  but  should  be  used  until  the 
haz^d'  can  be  eliminated.  For  example,  a  "Do  Not  Start"  tag  on 
power  equipment  should  be  used  only  until  the  switch  on  the 
system  can-  be  locked  out.  A  "Defective  Equipment"  tag  on  a 
damaged  -ladder  is -a  temporary  expedient  while  milking  immedi- 
ate arrangements  for  the  ladder  to  be  taken  out  of  service  and  sent 

•  to  be  repaired. 

The  industrial/vocational  education  shop  requires  four  kinds  of 
accident  prevention  tags  (see  OSHA  1910.H5). 

1.  Dd  1^0 1  Start  tags  must  be  conspibuously  located  or  so 
placed  that  they  effectively  block  the  starting  me'  "lanism. 
•  They  are  to  be  used  when  energizing  the  equipm^iit  would 
cause  a  hazardous  condition. 

i 
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2.  Danger  tags  indicate  that  an  immediate  hazard  exists  and 

3.  Caution  tags  warn  against  potential  hazards  or  caution 
against  unsafe  practices* 

4.  Out  of  Order  tags  indicate  just  what  th^y  say,  that  the 
equipment  or  machinery  is  out  of  ord»r  and  should  not  be 
used.       ^  • 


Figure  20  gives  OSHA  specifications  for  tags. 


DO  MOT 
START 


'  CAUTION 


OUT  OF 
ORDER 


.  Whitt  tog 
whitt  tttMrt  on 
rtd  tquon 


Do  Not  SUrtTtc 


Whitt  tog 
whitt  ktttn  on 
*rtd  ov9l  «t!ho 
block  tquort 


Vtltow  tog 
yellow  iet;«rs  ona 
block  bockground 


Whitt  tog  . 
wtutt  ktttrs  on 

Ntfck  bockground 


Out  «<  Order  Tkc 


Accident  Prevention  Tags. 

Reprinted  from  General  Industry  OSHA  Safety  and  Health  Standards 
(29  CFR  1910.1451  ^U.S.  Department  of  Labor,  January  1976, 
p.  260.  ^ 

Figure  20 

Another  element"  of  the  total  preventive  maintenance  program  is- 
the -'purvey  of  spare  parts  requurements.  In  order  to  keep  needed 
parts  oh  hand,  it  is  necessary  to  review  perio^dically  *  material 
required  for  repair  oiders  and  the  delivery  schedule  of  such  parts. 
If  maintenance  personnel  keep  pur^^hasing  agents  informed  of  their 
anticipated  stock  needs,  it  can  prevent  lengthy  "down  time" 
while^waiting  for  parts  to  arrive. 

What  are  some  specific  wayS  that  preventive  maintenance  can 
make  the  shop  environment  a  safe  one?  Some  example^: 

*  •   Make  certain  that  electrical  wires  have  adequate  insulation. 

•  Store  compressed  gas  cylinders  properly. 

•  Tag  out  unsafe  equipment. 
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\  •   Maintain  brakes  on  materiais-handling«equipment 
•   Replace  guards,  on  machinery. 


•  Properly  identify  high  and  low  pressure  steamlines,  com- 
pressed air  and  sanitary  lines. 

•  Maintain  boilers  and  pressure  vessels. 


•   Be  careful  not  to  over-ojl  motor  bearings  so  that  oil  is 
*  not  thrown  onto  the  insulation  of  electrical  windings  and 
onto  the  floor  adjacent  to  the  equipment. 

As  part  of  its  inspection  function,  the  Shop  Safety  and  Health 
Committee*  will  check  periodically  to  make  sure*  that  preventive 
maintenance  functions  are  being  adequately  defined  ande  satis- 
factorily* performed.  Department  headk,  instructors  and  students 
also  will  be  exercfising  a  control  function,  seeing  that  equipment  is 
maintained  correctly.  Maintenance  personnel  need  to  understand 
that  inspections  are  aimed,  at  fact-finding,  not  faultfinding,  and 
that  they  share  with  other  school  staf^'  an  obligation  for  main- 
taining a  safe  tacility.        .  - 

r 

The  instructor  ard  student  can  support  the  preventive  mainte- 
nance program  by  contributing  their  own  insights.  The  following , 
examples  show  ways  that/the  effectiveness  of  the  program  can  be 
measured  and  increased:  ^ 

.  .  1.  Hand  tools.  Instructors  and  students  know  the  condition 
of  those  in  use  ^t  the  machine  and  on  the  benches.  Is  ther^ 
a  system  of  replacing  or  repairing  defective  tools? 

2.  Electric  wires,  operating  switches  and.  control  boards. 
Are  these  kept  in  good  conditfon?  Are  "temporary" 
repairs,  alterations ;and  additions  eliminated?  Temporary 
jobs  tend  to  become  perinanent  unless  carefully  limited  to 
those  jobs  that  are  absolutely  necessary  and  made  standard 
immediately  after  the  emergency  has  passed. 

3.  '  Sound  of  operating  equipment.  Instructors  and  students 
•  ^  soon  become  accustomed  to  the  tune  of  equipment,  each 

of  which  has  a  characteristic  operating  sound.  They  can 
tell  when  a  machine  is  overloaded  by  the  noise,  the  grunt, 
the  squeal;  they  can  tell  that  maintenance  is  required 
because  of  the  rattle  aftd  vibration. 


Instructor  Note: 
Instructor  asks  for  positive 
remarks  from  participants 
about  ways  that  preventive 
main  trance  can  make  the 
shop  environment  a  §afe 
one.  He  writes  the  examples 
given  on  the  chalk  board. 


PROGRAM  EVALUATION 


SUPPORTING  THE 
PREVENTIVE 
MAINTENANCE  PROGRAM 


10-9 


DISTINGUISHING  A  * 
MEDIOCRE  FROM  A 
SUPERIOR  MAINTENANCE 
PROGRAM  . 


ROLE  OF  HOUSEKEEPING 
IN  S/VFETY  AND  HEALTH 
PROGRAMS 


BENEFITS  OF  GOOD- 
HOUSEKEEPING 

Seeing  Housekeeping  as . 
Part  of  Performance 


-  4i  Servicing  and  repair  records.  Instructors  and  students 
^ill  be  abie  to  see  when  servicing  schedules  are  being  kept 
These  records  must  be  rigidly  adhered  to,  particularly  as 
they  affect  electrical  hoisting  equipment,  pressure  vessels, 
guards,  cranes,  slings,  chains  and  tackle,  extension  cords, 
•  'portable  motor-operated  toqls  and  personal  protective 
equipment. 

The  differenfce  between  a  mediocre  maintenance  program  and  a 
superior  one  isHhat  the  first, is  aimed  at^maintaining  facilities,  the' 
second  at  improving  them.  If  conditions  afe  good,  i  mediocre  pro- 
gram will  keep  them  that  way  but  will  not  make  them  better;  if 
conditions  arfe  not  good,  a  mediocre  program  will  not  improve 
thAn.  Preventive  maintenance,  on  the  other  hand,  is  a  program  of 
mutual  support  which  creates  safe  conditions,  eliminates  costly 
delays  and  breakdowns  and  prolongs  equipment  life. 

Shop  housekeeping  .plays. an  important  role  'in  the  safety  and 
health  program..  Good  houseTceeging  reduces  accidents,  improves 
morale  and  inbreases  shop  efficiency  and  effectiveness.  In.  a  clean 
and  orderly  shop  people  enjoy  working  and  cap  accomplish  their 
tasks  without  intmerence  and  interruption. 

> 

'A  school  shop,  by  its  very  nature,  containsltools  which  mijst  be 
kept  organize^!  and  machinery*  which  must  be  kept  clean.  In  its. 
operation  it  uses  flammable  substances  and  materials  which  re- 
quire special  storage  and  removal.  It  generates  dust,  scrap  metal 
filings  and  chips,  waste  liquids  and  scrap  lumber  which  must  be 
disposed  of.  '  ^ 

^  ♦ 

Shop  housekeeping  is  a  continuous  process,  both' during  and  at  the 
eigd  of  clasiMIt  involves  instructors  and  students  alike.  Though  it 
may  seem  humdrum  and  boring  at  times,  it  is,  nevertheless, *the 
single  most  important  ingredient  in  reducing  injuries  in  the  school 
shop.  _  * 

A  good  housekeeping  program  incorporates  the  housekeeping 
function  into  all  processes,  operations  and  tasks  performed  in  the 
shop.  The  ultimate  goal  is  for  each  student  to  see  housekeeping  as 
an  integral^art  of  performance,  not  as  a  supplement  to  the  job 
to  be  done.  When  students  are  educated  and  trained  fo  appreciate 
the  relafionship  between  housekeeping  and  performance,  the 
benefits  will  accrue  not  only  tq^the  industrial/vocational  educa- 
tion program  in  which  the  students  are  working  today  but  also  to 
the  industries'in  which  they  will  be  working  in  the  future. 
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A  well  administered  housekeeping  program  produces  other  imme- ' 
diate  and  long-range  results. 

When  thq  shop  is  clean  and  orderly  and  the  housekeeping  program 
becomes  a  sttndard^part  of  operations,  less  time  and  effort  will  be 
spent  keeping  it  clean,  making^  needless  repairs,  and^jeplacmg 
equipment,  fixtures  and  the  like, 

'  When  the  student  can  concentrate  on  his  requirec^  tasks  without 
excess  scrap  material,  tools  and-  equipment  interfering' with  his 
work,  he  can  create  a  product  of  higher  quality  and  will  acquire  a 
higher  degree  of  skill.  • 
\' 

When^  every  thing  in  the  ;$hop  hfls^  an"  assigned  place,  there  is  less 
chance  that  materials,  tools,  etcrrwill  be  taken  from  4he  shop  or 
misplaced.  In  a  f^w  moments,  the  student  shop  foreman  and 
instructdr  can  determine  what  is  missing  before  the  class  is  dis- 
missed. Different  colors  of 'paint  can  be  use^  on  the  tools  to  iden- 
tify the  department  to  which 'they  bglong.  Tool  racks  or  holders 
should  be  painted  a  contrasting  cplor  as  a  reminder  to  students  to 
return  the  tools  to  their  proper  places.  The  space,  directly  behind 
each  tool  should  be  painted  or  outlined  in  color  to  call  attention 
to  a  missing  tool.  *   -  .  * 

Money  is  saved  and  shop  efficiencyiis  increased  when  students  and 
•  instructors -alike  treat  shop  materfals  with  the 'care  they  deserve 
by  minimizing  spillage  and  scrap,  by  saving  pieces  of  material  for 
use  in  future  projects  and  *y  reluming  even  small  quantities  of 
parts  to  their  storage  area.  - 

Students  and 'instructors  will  be  alJie  to  use  their  time  for  shop 
work,^not  s^arching^for  tools,  materials  6r  parts. 

,  When  ^kisle  and  floor  space  is  uncluttered,  movejnent  within  the 
shop  is  easier  and  safer,  and  machinery  and  equipment-  can  be 
cleaned  and  maintained,  •    »  .  '  • 

When  a  shop      adequate  wprk  space  and, when  oil,'grease,  water 
and'  ^ust  are  removed  from  floors  and  machinery,*  students  are 
less  likely  to  slip,  trip,  fall  or  inadvcertently'com'e  into  contact  • 
with -dangeroOs  parts  of  machinery. 

When  a  shop  is  clean  and  oirderly,  the  morale  of  students  and 
instructors  is  heightened.  Students  Understand  and  respect  order-' 
liness  and  cleanliness-  and  the  {Jlace  of  housekeeping  in.  industrial 
t^ocessss.  "  •  .  ' 
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Reducing  Operating  Costs 


Increasing  Task  Performance 


Improving  Shop  Tool  and 
Equipment  Control 


Using  Materials  and  Parts 
More  Efficiently 


Minimizing  Time  Spent 
Searching  for  Items 

Using  Floor  Space  Efficiently 


Reducing  Accident  Rates 


Raising  Morale 
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Redoiiing  Fire  Hazards 


co^ro^l50NS  WHICH 

INDICATE  POOR  . 
HOUSEKEEPING  ' 

Objects  on  Floor  and  in  Aisles 


Tools  and  Equipment 
Improperly  Stored 


Stock  Not  Stored  or  Piled 
Properly 


Waste  Disposal  Inadequate 


Dirt,  Grime  and  General 
Disorder 
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When  a  shop  is  kept  free  from  accumulations  of  combustible 
materials' which  may  burn  updn  ignition  or,  in  the  case  of 'certain 
material  relationships,  spontaneously  ignite  without  the  aid  of 
an  external  source  of  ignition,  the  chances  of  fires  are  minimized. 
Furthermore,  an  orderly  shop  permits  easy  exit  by  keeping  exits 
and  aislfes  leading  to  exits  free  from  obstructions.  A  neat  and 
orderly  shop  also  makes  it  easier  to  locate  and  obtain  fire  emer- 
.gency  and  extinguishment  equipment. 

Poor  housekeeping  is  indicated  by  any  of  several  conditions. 

1.  Objects  on '  the  floor  and^  in  the  aisles.  This  category 
includes  articles  which  fall  from  machinery  or  are  dropped 
in  t^^ansit,  material  left  over  after  a  repair  job  is  completed, 
objects  which  are  stored  in  the  aisles  and  student  pro- 
jects which  are  stored  improperly. 

2.  Tools  and  equipmemt  improperly  stored.  When  tools  and 
equipment  not  TlHmmediate  use  arejeft  on  workbenches 
or  bn  the  floor,  storage  control  breaks  down  and  house- 

"keepingproblems  result. 


3.  Stock  not  stored  orp^d4)roperly.  This  includes  the  whole 
area  of  materials  storage,  wliix^h4§discussed  in  the  units  on 
shop  planning,  fire  protection  anB^hazardous  materials. 

4.  Waste  disposal  inadequate.  Signs  of  inadequate  waste 
disposal  in  the  shop  are  overflowing  receptacles  for  wast>- 
and  scrap;  the  lack  of  disposal  of  chips  and  oil,  no  pro- 
vision for  the  safe  reclamation  of  cutting  oils,  etc. 

5.  Dirti  grime  and  general  disorder.  Dust  accumulations  on 
windows,  skylights  and  lighting  fixtures  reduce  illumina- 
tion and  incre^-e  eyestrain.  Other  indicators  of  careless 
housekeeping  include: 


scrap  cuttings  on  benches  or  floors 


•  mops  and  brooms  stored  in  areas  otljer  than  those 
assigned  them 

•  sinks  and  areas  around  them  with  accumulations  of 
.  dirt  and  grime 

•  rubbish  on  floors  and  in  corners 
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•   oil,  grease,  cleaning  compounds  and  solvents  left  on 
floor. 

6.  Combustible  materials  improperly  stored  and  disposed  of. 
Good  housekeeping  requires  that  there  be  no  accumulation 
of  oil  and  solvent-soaked  rags  and  that  combustible  mate- 
rials be  disposed  of  in  suitable  receptacles.  The  safe  storage 
of  flammable  substances  will  be  discussed  in  a  later  unit. 

Good  housekeeping  doesn't  just  happen.  It  requires  planning, 
supervision  and  constant  attention  to  the  following  areas: 

1.  providing  sufficient  work  areas  and  adequate  aisles  and 
keeping  these  c  lear  of  accumulation  ( 

2.  providing  a  (Je^nite  place  for  each  object 

3.  keeping  each  c^bject  in  its  de:.ignated  place  and  returning  it 
after  each  use 

4.  adequately  disposing  of  scrap,  waste  and  surplus  materials 

5.  properly  storing  materials,  including  stock  an^i  potentially 
hazardous  substances 

6.  cleaning  buildings  and  equipment  regularly  and  cleaning  up 
after  each  job. 

Like  preventive  maintenance,  housekeeping  is  a  shared  responsi- 
bility. During  their'  regular  inspections,  instructors,  student  shop 
foremen  and  department  heads  must  make  sure  that  hazardous 
conditions  are  not;  present  or  imminent  because  of  poor  house- 
keeping. Maintenance  personnel  and  the  Shop  Safety  and  Health 
Committee  must  ^all  attention  to  deficiencies  they  note  during 
their  periodic  inspections. 

From  the  time  the  student  enters  the  shop,  he  should  be*  taught  to 
correct  the  potential\hazards  he  detects  rather  than  to  ask  himself 
whether  he  created  the  poor  housekeeping  condition  or  whether 
he  is  responsible  for  cleaning  up.  Because  the  safety  and  health 
of  everyone  in  the  shop  depend  upon  it,  properly  maintaining  the 
facility  is  everyone's  job. 


Combustible  Materials 
Improperly  Stored  and 
Disposed  of 


KEYS  TO  GOOD 
HOUSEKEEPING 


CONCLUSION  X 
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QUESTIONS  AND  ANSWERS 


1.  Name  four  general  maintenance  functions. 


o 

a.   installing,  constructing  and  maintaining  buildings,  facilities, 
equipment  and  machinery 


b.  providing  utility  services  for  shop  operations 

c.  cleaning  facilities  and  disposing  of  waste 

d.  providing  planned  preventive  maintenance. 

2.  Define  preventive  maintenance.  ^ 

 ' • i  

Preventive  maintenance  is  the  orderly,  uniform,  continuous  and 
scheduled  action  by  the  maintenance  organization  to  prevent 
breakdown,  and  prolong  the  useful  life  of  equipment  and 
buildings. 


3.  What  are  three  advantages  of  preventive  maintenance? 



a.  safer  working  conditions  and  fewer  accidents 

b.  more  training  time  on  equipment  and  decreased  ''down 
time" 


c.   prolonged  equipment  life.  ^ 


I  ERIC 
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4.  What  are  four  components  of  preventive  maintenance? 


a.  scheduling  ^d  performing  periodic  i^amtenance  functions 

b.  o  Keeping  records  of  service  and  repairs 

c.  repairing  and  replacmg  ^equipment  and  equipmenr'parts 

d.  providing  spare  parts  control. 


5*  What  are  five  benefits  of  good  housekeeping? 


V 

Any  five  from  among  the  following: 

a.  Housekeeping  is  seen  as  part  of  all  processes,  operations 
•  and  tasks  performed  in  the  shop. 


b.  Operating  costs  are  reduced. 

c.  Studfeuts  can  work  better  and  acquire  greater  skill. 

d.  Fewer  tools  are  misplaced  or  t^ken  from  t}ie  shop. 

e.  Materials  and  parts  are  used  niore  efficiently,  and  less  waste 
occurs. 

f.  Time  iis  spent  performing  shop  work, -not  in  searching  for 
tools  or  materials. 

g.  Floor  space  is  used  efficiently  and  safely. 

h.  Accident  rates  are  reduced. 

i.  Morale  is  raised, 

j.    Fire  hazards  are  minimized. 


ERIC 
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6.  Name  four  components  essential  to  good  housekeeping. 


Any  four  from  among  the  following: 

^.  providing  sufficient  work  areas  and  adequate  aisles,  which 
are  kept  clear  of  accumulation 

*  • 

b.  providing  a  place  for  each  bbject 

c.  keeping  each  object  in  its* place 

d.  adequately  disposing  of  scrap,  waste  and  surplus  materials 

e.  properly  storing  materials 

f.  cleaning  buildings  and  equipment  regularly  and  cleaning  up 
'  after  each  job. 
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UNITil  • 

ILLUMINATION  AND  COLOR  FOR  SAFETY 


METHODS 


PURPOSE 


OBJECTIVES 


SPECIAL  TERMS 


INSTRUCTOR 
MATERLyjS 


TRAINEE 
MATERIALS 


Lecture  and  Demonstration 


LENGTH:  60  Minutes 


To  examine  illumination  and  color  as  factors  in  a  safe  shop  environment. 


To  introduce  the  participantlo: 


Benefits  of  adequate  illumination  in  the  school  shop 

2.  Factors  in  adequate  illuminatton 

3.  Factors inooor illumination  .  V  ' 

4.  Types  of  Sighting 

5.  Factors  in  electing  units 

6.  Role  of  color  in  the  industrial/vocational  education  sKop 
Recommended  color  standards  for  marking  hazards. 


1*  Quantity 

%  Quality 

3.  Foot  Candle 

4;  Brightness  Ratio 

5.  6lare 

6.  Reflection 


Les^son  Plan 

35  mm  Slides,  Projector  and  Screen 
Chklk  Board/Chalk 


Participant  Outlines  and  Supplementary  Materials 


i  FRir 


'21  ''^-v' 


UNIT  11 , 

ILLUMINATION  AND  COLOR  FOR  SAFETY 


In  Unit  8  adequate  illumination  was  mentioned  as  essential  to  a 
safe  and  healthy,  shop  enviroiiment.  Along  with  such,  factors  as 
selecting  and  placing  safe  machinery  and  equipinent,  materials 
storage,  ventilation,  aisle  arrangement,  space  for  work  and  mate- 
rials flow,  medical,  first  aid  And  electrical  considerations,  illumina- 
tion and  color-hyave  a  very  important  place  in  the  industrial/voca- 
tional school  safety  program.  / 

This  unit  aims  to  famUiaj^ze  the  industrial/vocational  education 
supervisor  and  instructor  ,wth  the  essential  facts  needed  to  under- 
stand illumination  and  color:  their  necessity,  benefits,  problems 
and  use. 

The  principal  reasdns  for  lighting  in  industrial/vocational  educa- 
tion shops  and  classrooms  are  to  protect  students  from  eyestrain, 
reduce  losses  in  visual  performance  and  enable  instructors  and 
students  to  detect  more  readily  hazards  in  the  shop'environment. 
With  adequate  illumination : 

1.  Erroi;j5  will  be  miniijiized,  thus  improving  work  and  de- 
creasing accidents. 

2.  Defects  will  be  detected  more  easily,  improving  the  quality 
of  any  project. 

3.  The  time  necessary  to  determine  fine  details  and  to  make 
fine  measurements  will  be  reduced. 

4.  Shop  housekeeping  will  be  improved.  A  well  Uluminated 
shop  will  make  rubbish  and  other  w.iste  products  more 
visible,  thus  encouraging  prompt  removal. 

5.  The  social  climate- will  be  improved.  Better  lighting  tends 
to  promote  a  more  cheeif  ul  shop  environment  and  enables 
colors  to  be  more  visible. 


INTRODyCTION 


BENEFITS  OF  ADEQUATE 
ILLUMINATION  IN  THE 
SCHOOL  SHOP 
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FACTORS  IN  ADEQUATE 
ILLUMINA^TION  ^ 


Quantity 


Simply  stated,  the  factors  ^associated  with  illumination  fcan  be 
grouped  intp  two  broad  categ6ries:  quantity  and  quality. 

Quantity  is  the  amount  of  light  that  produces  sufficient  bright- 
ness to  illuminate  the  task  an(&  its  sunoundinp^  ^ 

Quality  pertains  to  the  distribution  of  brightness  in  a ' visual  en- 
vironment and  includes  the  cplcyr  of  light,  its  direction,  diffusion, 
degree  of  glare  and  so  forth,  .  .  ^  . 

The  desirable  quantity  ^of  light  for  operations  in  the  industrial/ 
vocational  education  shep  'depends  primarUy  upon  the  task  being 
done,^As  the  quantity- of  Ulumination  is  increased  to  recom-, 
mended  levels",  the  ease,  sp6ed  and  accuracy  in  accomplishing  the 
task  are  also  increased,  v     '  ' 

Quantity  of  Ulumination  is  measured  in*units  called  footcandles, 
an  index  of  the  abUity  of  a  light  source  to  produce  illumination, 
A  light  meter  gives  a  direct  re^'ding  of  the  number  of  footcandles 
or  light  reaching  the  working  plane,  A  footcandle  is  'he  am9unt  of 
Ulumination  on  a  surface  of  one  square  foot,  all  parts  of  which 
are  at  a  distance  of  one  foot  from  a  standard  candle,  '-^ 

^         *  1.  FOOT-CANDLEPOWER 


.2.  INSTRUMENTS 


LIGHT 
SENSITIVE 
CELL 


Reprinted  from  Illumination  for  Safety,  U.S.  Department  of  Labor, 
Bureau  of  Labor  Standards,  Bulletin  297  (1967),  p.  5. 
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Generally  those  tasks  requiring  fine  detail,  low  controls,  and 
prolonged  nvork  periods  require  higher  illumination  levels  than 
more  casual  or  intermittent  tasks  involving  high  contrast.  The 
cunent  minimum  levels  of  illumination  for  industrial  areas  as 
recommended  by  the  Illuminating  Engineering  Society  .(lES)  are 
'  given  in  ANSI/IES  RP-7-1979,  Table  7  illustrates  the  quantity  of 
illutriination  required  for  various  tasks  likely  to  be  performed  in 
industrial/vocational  education  shops. 


'  TABLE? 

RECOMMENDED  FOOTCANDL^ES  ON  TASKS 


The  foHowin^recommendatlons  represeht  ti.s  minimum  on  the*  task  at  any  time  for  young  adults  with  normal 
and  better  than  20/30  corrected  vision. 


Task 


Forg'mg  . 


Foundry  work 

-  Annealing  (furnaces) 
'  Core  making 

Fine  ...... 

Medium  

,  '  Pouring   ?  . 


Garages  (auto  shop) 

Refpairs  

Active  traffic  areas.; 


MSthine  Shops 

Rough  bef^ch  and  machine  work  a  [ 

Medium  bench  and  machine  work,  rfrdinary  automatic  machines,  rough  grinding, 

medium  buffing  and  polishing  

Fine  bench  and  machine  work,  fine  automatic  machines,  medium  grinding, 

fine  buffing  and  polishing  

Extra-fine  bench  and  machine  work,  grinding,  fine  work  ^  


Paint  shops 

Dipping,  simple  spraying,  firing  

Rubbing,  qrdinary  hand  painting  and  finishing  art,  stenciJ  and  special  spraying. 

Fine  hand  painting  and  finishing  ■  

Extra-fine  hand  painting  and  finishing  


Footcandles 


50 


30 

100 
^50 
50 


100 
.20 


50 

^  100 

500* 
1000* 


50 
50 
100 
300' 
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Task  Fobtcandles 


FrintiQg  and  photoengraving  ^ 

Printing  '  '  v 

Color  inspection  and  Appraisal  *  :   •  200*  * 

•  ^  Machine  composition  *.  .   100 

Composing  ^   lOO 

fressesT  .o.   70 

Proofreading   150 

PhotoengraWhg 

Etching,  staging,  blocking  \  •  50 

•  Routing,  finishing'^  proofing   100^ 

Tipt  laying,  masking    .  .;.  .*   100\  *  • 

♦  *^  *  * 

Sheet^metal  shops        *  '  ^ 

Miscellaneo^  machines,  ordinary  bench  work.^   '50 

*  Presses,  shears,  stamps,  medium  bench  work^spinning  *   50 

Punches  ]^  ■   50 

Tin  plate  inspection  (galvanized)  f  .x.    200** 

Scribing  ^.  *  _  200** 

Welding  *  , 

General  illumination  ,  '   50 

Precision  manual  arc  welding   1000* 

Woodworking  * 

Rough  sawing  and  bench  work   30 

Sizing,  planing,  rough  sanding,  medium.fluality  machine  and  bench  work,  gluing, 

veneering,  coopering   50 

Rine  bench  and  machine  work^  fine  sanding  and  finishing  : .  .  .  *   100 

. « 

* 

The  fecbmmended  footcandles  may  be  obtained  by  a  combination  of  general  lighting  plus  special  suoplementary 
lighting.  Care  must  be  taken  to  design  and  install  a  system  which  not  only  provides  sufficient  light  but  directs  and 
«  diffuses  t*he  light  arid  protects  the  eyes.  Insofar  as  it  is  possible,  glare  (both  direct  and  refected)  and  Objectionable 
shadows  should  be  eliminated.  .  ,  ^  ^ 

**ln  such  tasks,  the  nnirror  like 'surface  of  the  material  means  that  special  care  must  be  taken  in  selecting  and  placing 
'  lighting  equipment  and/or  orienting  the  work  to  reduce  glare. 

,  4 

Adapted  from  ANSI/IES  RP  7  1979,  American  National  Standard  Practice  for  Industrial  Lighting,  pp.  11-16. 
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Usually,  calculations  are  based  on  the  illumination  of  horizontal 
.  surfaces.  But  much  shcm  work  is  done  on  slanting  and  vertical 
surfaces,  where  illuminatton  may  be  only  one-half  to  one-third  of 
that  on  horizontal  surfaces.  Compensation  must  be  made  and 
additipjial  illumination  provided  for  such  surfaces.' 

The^  lighting  system  also  should  provide  required  illumination  on 
tasTcs  located  at  the  sides  of- the  shop,  where  the  illumination  is 
apt  to  be  considerably  less  than  the  average  calculated  level. 

Quality  of  illumination^peftains  to  the  distribution  of  brightness 
in  the  visual  environment.  Glare,  diffusion,  direction,  uniformity, 
color,  brightness  and  brightness' ratios  all  have  a  significant  effect 
on  visibility  and  the  ability  to  see  easily,  accurately  and  quickly. 
Tasks  performed  ov'er  long  periods  of  time' and  dj&manding  dis- 
cernment of  ime^details  require  illumination  of  a  High  quality, 

The.ability  to  see' detail  depends  upon  there  being  a  difference  in 
brightness  between  the  detail  and  its  background,  but  the  eyes 
function  most  comfortably  and  efficiently  when  the  difference  is 
kept  within  a  certain  range.  The  ratios  between  areas  withinVhe 
field  of  vision  should  ;iot  exceed  those  shown  in  Table  8,  whith 
illustrates  the  maximqm  brightness  ratios  reqommended  by  tlu^ 
Illuminating  Engineering  Society  in  ANSI/IES  RP-7-1979.  The^ 
goal  in  shop  illumination  s»^»ould  be  to  have  the  task  brighte/than 
the  surroundings. 

Bfesides  the  factors  6f  insufficient  quality  and  quantity  of  illumina- 
tion, other  less  tangible  factors  contribute  to  accidents.  These  are: 

*  •    (lirect  glare 

•  ^ 'tweeted  glare 

•  dark  shadows  ^ 

•  excessive  visual  faflgue. 

In  addition,  accidents  may  be  caused  by  delayed  eye  adaptation 
^    'When  coming  from  bright  surroundings  into  darker  ones  or  when 
^  coming  from  dark  sunoundings  into  brighter  ones. 

Glare  is  defined  as  any  brightness  ^vithin  the  field  of  vision  of  such 
a  character  as  to  reduce  visibilit;^  and  cause  discomfort,  annoyance 
or  eye  fatigue.  Glare  is  divided  into  two  types:  direct  and  reflected. 


Quality 


Brightness  Ratios 


FACTORS  ASSOCIATED 
WITH  POOR 
IDLUMINATION 


Glare 


11-7 


ERIC 


TABLE  8 


RECOMMENDED  MAXIMUM  BRIGHTNESS  RATIOS 

- 

^  4 

*• 

*     •  «. 

A              ^  ' 

Classification 
B 

r 

c 

 *.  .  .  .         *               3  to  1 

^'  3to  1 

5  to  1 

1  to  3  . 

* 

1  to  5 

  10  to  1 

20  to  1 

• 

  1  to  10 

.  1to20 

• 

Between  lighting  units  (or  windows,  skylights,  etc.) 

  •  '      20  to  1 

• 

• 

  40  to  1 

• 

• 

•Brightness  ratio  control  not  practical.  "  ^ 

A  Interior  areas  where  reflectances  of  entire  space  can  be  controlled    ,  •  .  * 

B  Areas  where  reflectances  of  immediate  work  area  can  be  controlled  but  not  those  of  remote  surroudings 

C  Areas  where  reflectances  cannot  be  controlled  and  environmental  conditions  can  be  altered  only  with  difficulty 


Adapted  from  ANSI/tES  RP-7«1 979,  American  Natlonai  Standird  Practict  for  rndustfial  Lighting,  p«  17. 
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Pirect  glare  is  the  result  of  a  source  of  illumination  within  the 
field  of  view,  whether  that  source  is  artificial  or  natural.  To  reduce 
direct  glare: 

1.  Decrease  the  brightness  of  the  light  source.  (For  example, 
use  a  shade.) 

2.  Reduce  the  area  of  high  brightness.  (For  example,  install 
window  coverings.) 

3.  Increase  the  angle  between  the  glare  source  and  the  line  of 
vision.  (For  example,  position  the  light  source  so  that  it 
no  longertalls  into  the  normal  field  of  vision. ) 

4.  Increase  the  brightness  of  the  general  area  surrounding 
the  glare  source  to  reduce  contrast  (For  example,' make 
certain  that  surface  reflectances  are  at  recommended 
levels.) 

Reflected  glare  is  caused  by  very  bright  objects  or  surfaces  br  by 
differences  in  brightness  reflected  from  shiny  surfaces  (ceilings, 
walls,  machinery).  This  type  of  glare  is  often  more  annoying  and 
fatiguing  to  the  eyes  than  direct  glare  because  it  is  so  close  to  the 
line  of  vision  that  tH'e  eye  cannot  gain  relief  by  moving  away  from 
it.  To  reduce  reflected  glare: 

♦  1.  Decrease  brightness  of  the  light  source  but  maintain  the 
limits  prescribed  in  the  standard.  (For  example,  replace 
an  exposed -incandescent  lamp  with  a  fluorescent  light.) 

2.  Shield  and/or  diffuse  light  source.  (For  example,  use 
lighting  units  with  "batwing*'  distribution.) 

3.  Change  the  position  of  either  the  work  or  the  light  source. 
^  (For  example,  raise  the  position  of  a  wall  light  fixture.) 

4.  Reduce  the  reflecting  source  physically.  (For  example, 
use  a  dull,  flat  paint.)       ,  , 

5.  Reduce  the  contrast  by  increasing  surrounding  brightness. 
,    (For  'exampb,  bring  surface  reflectances  up  to  recom- 
mended level^.) 


Direct  Glare 


Reflected  Glare 
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V 

\ 

Interior  lighting  systemk  are  divided  into  the  following  types  (see 
Figure  21  and  Table  9).  ^ 


TYPES  OF  LIGHTING 


TYPES  OF 
ILLUMINATION 


DIRECT 


SEMI-DIRECT 

\c\)li 


GENERAL 
DIFFUSING 


SEMI-INDIRECT 


INDIRECT 


J)irect-Type- 


Reprinted  from  Illumination  for  Safety.  U.S.  Department  of  Labor, 
Bureau  of  Labor  Standards,  Bulletin  237  (1967),  p.  9. 

Figure  21 
Table  9 


Distribution 

Distribution 

Classification 

upward 

downward 

(in  percent) 

(irf^ercent) 

Oto  10 

90  to  100. 

Semidlrect  

10  to  40 

60  to  90 

General  diffuse  

40  to  60 

,  40  to .  60 

Semiindirect  

60  to  90 

10  to  40- 

Indirect  

90  to  100 

Oto  10 

 ' — 

Reprinted  from  Illumination  for  Safety,  U.S.  Department  of 
Labor,  Bureau  of  Labor  Standards.  Bulletin  297  (1967),  p.  10. 

Direct  Type  —  Direct  lighting  aims  practically  all  of  the  light 
downward,  directly  toward  the  usual  working  area.  A  problem 
with  direct  units  is  that  they  may  cause  disturbing  shadows. 
This  type  is  best  used  to  light  areas  where  tasks  are  vertical  or  near 
vertical. 
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Semi'Direct  Type  —  Serai-direct  lighting  units^irect  from  60  to  90 
percent  of  their  light  downward.  The  increased*  ceiling  ulijmination 
from  the  semi-direct  distribution  of  light  reduces  the.  brightness^ 
ratio  between  the  lighting-fixture  and  the  ceiling,  softens  shadows 
and  increases  diffusion. 

General  Diffuse]  or  Direct-Indirect  Type  —  This  classification^ 
refers  to  lighting  units  in  which  the  downward  and  upward  compo- 
.        nents  are  approxinately  the  same  (each  40  tQ  60  percent  of  the 
total  light  Toutput).  General  diffuse  lighting  units  emit  light  about 
'  equally  in  all  directions.  Durect-indirect' lighting  units  emit  very 
little  light  at  angles  near  the  hgrizontal.  The  latt^  are,  therefore, 
generally  preferable  since  they  are  lower  in'  brightness  in  the 
direct-glare  zone.'' This  is  the  type  most  cbmmonly  used  for  general 
,shop  lighting.  ^  s 

Semi-Indirect  Type  -  These  units  direct  most  of  their  light  (60  to 
.  90  percent  of  the  total  light  output)  upward.  The  nfiyor  portion  of ' 
Ahe  Kght  reaching  the  normal  horizontal  work  plaftie  is  reflected 
^rom  the  ceiling  and  upper  walls.  -When  this  type  of  lightmg  unit 
is  used,  it  is  important  to  ensur^'high  reflectance  by  keepmg  the 
ceiling  and  upper  walls  as  meaiyas  possible.  This  use  is  generally 
Jimited  to  ^  areas  where  refjected  glare  from  mirror-like  wolrk  ' 
surf  aces  must  be  reduced. 

.  Indirect  Type  -  These  units  emit  from  90  to'' 100  percent pf  their  . 
light  upward  and  are  seldom  used  in  industrial  operations.  While 
this  lighting  is  generally  the  most  comfortable,,  it'  is  the  least 
utilized  and  is  often  difficult  to  .maintain. 

Either  incandescent  or  fluorescent  lighting  units,  similar  to  those 
used  m  the  rest  of  the  school;  may  be  used  in  the  shops.  Low-bay 
imp rdved-colof  .mercury , flighting  units  may  also  be'us^d.  The 
'liglrting  should  follow  the  best  industrial  lighting  practices,  with 
special  emphasis  on  assisting  the^  accuracy  pi  manual  jDperatipns" 
and  making  visible  possible  elements  of  danger. 

In  ^printing  shops  parabolic  specular  irietah reflectors  or  prismatic 
closure  plates,  both  of  which  spread  the  -brightness  of  the  lamps 
out  over  the  width  ot  the  reflector,  should  be  used  over  make-up 
racks  and  composing  stone.  Multiple  presses  need  light,  preferably 
from  continuous  fluorescent  lighting  units,  directed  from  the  side 
into  the  machines.  The  lighting  of  the  printing  shop  should  have 
an  upward  component  to  light  ceiling  and  upper  walls. 


Semi-Direct  Type 


CJtfneral  Diffuse  of 
Direct-Indirect  Type 


Semi-Indire^^t  Type 


Indirect  Type 


FACTORS  IN  SE!£3ECTING 
LIGHTING  UNITS 

Types 
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Location ' 


Maintenance 


In  machine  shops  and  metal  woricing  areas,-  a  grid  system  of  semi- 
direct  fluorescent' lighting  units  will  give  good  results.  Localized 
lighting  should  supplement  general  lighting  near  high  speed  tools 
andsaws. 

Many  areas  in  industrial/vocational  education  shops  (for  example, 
battery  charging  rooms)  may  be  classified  as  hazardous.  These 
locations  require  .the  use  of  specialized  lighting  equipment  (vapor- 
proof,  explosionproof  and  dustproof  lighti^ig  units)  which  pro- 
vides required  illumination  Without  introducing  hazards  to  life  and 
property.  * 

In  selecting  suitable  lighting  units  for  the  industrial/vocational 
education  shop,  important  factors  to  consider  include: 


1.  the  rate  at  which  the  lighting  unit  wUl  collect  dirt  -  ' 

2.  the  ease  with  which  the  lighting  unit  can  be  cleaned  and 
lamps  replaced. 

f 

For  example,  open-bottom  or  louvered  types,  offer  the  advantage 
of  having  no  bottom  surface  to  collect  dust  and  dirt.  Closed- 
bottom  dust-tigfat'  units  often  are  selected  to  prevent  dirt  and  dust 
accumulation  on  the  lamps  and  reflecting  surfaces. 

In  order^o"maintdin^the  origmal  requirement  for  Ulumination,  it 
is  necessary  to  set-  up  a  mafiStenance-^chedule  which  should 
include: 

•  cleaning  fixtures. 

•  cleaning  room  surfaces  and  windows.^ The  collection  of 
'    dirt  on  room  surfaces  may  decrease  their  reflectance, 

thereby  reducing  the  amount  of  visible  light  which  falls 
on  the*  workijfg  plane.r  Therefore,  rough  surfaces  which 
encourage  the  accumulation  of dirt  should  be  avoided. 

•  replacing  worn-out  globes  and  tubes.  Care  also  should  be 
exercised  during  relamping  to  ensure  adequate  sealing 

'  against  dust.  Even  a  small  space  left  in  the  gasket  seal  will 
allow  the  lighting  unit  to  breathe  dirt.   ^  ' 

•  repamtmg  fixtures  and  room  surfaces.  Consideration  for 
^  the  maintenance  schedule  should  be  included  in  planning 

plant  Ulumination  §0-  that  there  will  be  safe  access  to  the 
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globes,  tubes,  fixtures,  windows  and  room  surfaces  for 
regular  scheduled  maintenance.  ^ 

Illumination  and  color  are  partners  in  affecting  tasks  which  involve 
the  eyes.  There  are  several  advantages  to  using  color  in  the  indus- 
trial/vocational education  shop. 

1.  Color  can  provide  brightness  and  contrast  and  therefore 
^  can  affect  visual  performance.  " 

2.  Color  can  make  the  shop  environment  a  more  pleasant 
one,  raising  morale. 

3.  Color  can  result  in  better  housekeeping  and  improved 
repair  and  maintenance. 

4.  Color  can  be 'used  as  a  coding  technique  to  spotlight 
hazards.   <j  .  - 

» 

The  ease  and  efficiency  with  which  students  see  can  be  aided  by 
the  judicious  selection  of  colors  for  painting  the  industrial/voca- 
tional education  shop  and  its  contents.  Conversely,  when  a  per-, 
son's  eyes"  are  exposed  for  long  periods  of  Lime  to  extreme  mo- 
notony or  high  contrast  in  color  and  brightness,  they  will  function 
less  efficiently.  - 

Using  color- to  increase  brightness  and  contrast  is  a  device  easily 
adapted  to  the  shop  setting.  For  example,  a  white  jobject  will 
appear  much  brighter  than  a  dark  one  under  the  same  illumina- 
tion. Contrast  tends  to  increase  visibility  by  making  the  task  stand 
out  against  the  background. 

The  speed  of  visibility  is  a  direct  functipn  of  brightness  and/or 
'  contrast.  Increasing  either  brightness  or  contrast  will  shorten  visi- 
bUity  time,  increase  production,  decrease  errors  and  mistakes,  and 
possibly  give  the  student  arid  instructor  those  extra  fractions  of  a 
second  needed  to  avoid  injury. 

Besides  the  effect  on  visual  ability,  color  can  be  used  to  make  the 
working  environment  more  interesting  and  pleasant.  For  example, 
the  colors  cream,  ivory  and  buff  are  "warm"  psychologic^ly. 
Light  grey  finishes  are  closer  to  neutral  and  are  excellent  for 
either  the  background  or  for  equipment  and  machinery.  Green- and 
blue  tints  give  a  cool  effect. 


THE  ROLE  OF  COLOR  IN 
THE  SCHOOL  SHOP 


Aid  to  Visual  Performance 


Brightness  and  Contrast 


Speed  of  Visibility 


Psychological  Advantages 
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Better  Housekeeping,  Repair 
and  Maintenance 


Coding  Technique 


COLOR  FOR  ACCIDENT 
PREVENTION  SIGNS 


Danger 


Caution 


General' Safety 


Fire  and  Emergency 


Information 

In-Plant  Vehicle  Traffic 

Exit  Marking 


Unpainted  metal  parts  of  machines,  which  are  usually  black  or 
grey,  allow  dust,  dirt  and  grease  to  accumulate  unnoticed,  covering 
up  defects  in  the  maciiine.  Painting  encourages  students  to  keep 
machines  clean  and  enables  defects  to  be  spotted  while  they  are 
still  minor." 

The  use  of  color  as  a  technique  for  coding  various  controls  has  met 
with  great  success.  For  instance,  piping  systems  which  carry  dan- 
gerous contents  (e.g.,  acetylene)  would  be  painted  yeUow,  fire 
protection  systems  would  be  painted  red,  and  so  forth.  Such  color 
coding  Ls  of.value  trom  both  a  safety  and  maintenance  standpoint. 

Color  has  found  particular  acceptance  and  use  in  accident  pre- 
vention signs  where  uniformity  in  the  color  and  design  of  signs  is 
essential.  ANSI  Z35.^-1972,  "Specifications  for  Accident  Pre- 
vention Signs,"  specifies  the  foUowing  color  combinations  for 
industrial  accident  prevention  signs: 

•  Danger  -  immediate  and  grave  danger  or„  peril.  White 
lettering  within  red  oval  on  black  rectangijlar  background 
in  upper  panel;  black  or  red  lettering  on  white  background 
in  lower  panel. 

•  Caution  —  against  lesser  hazards.  Yellow  lettering  on  black 
0     background  in  upper  panel;  black  lettering  ^  yellow'  back- 
ground in  lower  panel. 

•  General  Safety  —  white  lettering  on  green  background  on 
upper  panel,  black  or  gr^-^en  lettering  on  whiie  background 
on-lower  panel.  ^ 

•  Fire  and  Emergency  —  white  letters  on  red  background  in 
upper  panel;  ^red  on  white  background  optional  for  lower 
panel. 

There  are  codes  for  other  common  uses: 

•  Information  —  blue  is  used  on  informational  signs  arid 
bulletin  boards  nqf  of  a  safety  nature.  . 

•  In-Plant  Vehicle  Traffic  —  standard  highway  signs  (ANSI 
P6.1-1971). 

•  Exit  Marking  —  red  letters  on  white  background. 


^  *^  xj 
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The  following-  colors  have  been  designated  bj^^the  American 
National  Standards  Institute  Standard  Z53. 1-1971,  "Safety  Color 
Code  for  Marking  Physical  Hazards/*' for  spotlighting  hazards  and 
^  assisting  in  the  visual  identification  of  equipment  and  other  items 
in  the  school  shop.  (See  Appendix  A  for  suggested  visuals.) 

Red  identifies  danger,  emergency  stops  on  machines  and  fvte 
protection  equipment.  OSHA  regulations  require  red  lights  at 
barricades  and  at  temporary  obstructions.  Red  must  also  be  use' 
for: 

1.  danger  signs 

2.  stop  buttons      electrical  switches  used  for  emergency 
^  stopping  of  machinery  - 

« 

3.  portable  containers  (including  safety  cans)  holding  flam- 
mable liquids 

4.  fire  hydrants,  pumps  and^sirens 

5.  location  of  fire  extinguishers 

6.  -  fire  exit  signs 

7.  fire  buckets  or  pails 

8.  fire  alarm  boxes  ^ 

« 

9.  fire  hose  locations 

10.  p©st  indicator  valves-for  sprinkler  systems 

11.  sprinkler  piping. 

Orange  is  used  as  the  standard  color  for  calling  ^attention  to 
dangerous  parts  of  machines  or  energized  equipment  which  may 
cut,  crush,  shock  or  otherwise  .jnjure,  and  to  emphasize  such 
hazards  when  enclosure  doors  are  open  or  when  gear,  belt,  or 
other  guards  around  moving  equipment  are  open  or  removed, 
exposing  unguarded  hazards.  Examples: 

1.  The  inside  of  jpovable  guards  (those  which  can  be  opened 
or  removed)  are  painted  orange  to  attract  the  attention  of 
the  machine  operator. 


RECOMPJNDED  COLOR 
STANDARD  FOR 
MARKINGilAZARDS 


Red 


Orange 


11-15 


Dlumination  and  Color  for  Safety 


YeUow 


2.  Safety  starting  buttons  and  boxes 'are  painted  orange  as  a 
warning  of  the  potential  hazard  involved  and  as  a  "'hands- 
off notice  to  unauthorized  persons. 

3.  The  edges  of  exposed  parts  of  ge^,  pulleys,  rollers, 
cutting  devices,  power  jaws  and  similar  devices  are  painted 
orange  to  warn  against  contact. 

»  «' 
.  4.  The  insides  (as  a  minimum)  of  the  box  door  pr  cover  of 
open  fuse,  power  and  electrical  switch  boxes  are  painted 
orange  tp  warn  of  exposed  live  wires  and  electrical  equip- 
meht#  ^  ^ 

According  to  OSHA  regulations  (29  CFR  1910a44),  "Yellow 
shall  be  the  basic  color  for  dedgnating  caution  and  for  njarking 
physical  hazards  such  as:  Striking  against,  stumbling,  falling, 
tripping,  and  'caught  in  between.*  Solid  yellow,  yellow  and  black 
stripes,  yellow  and  ^black  checkers  (or  yellow*^with  suitable  con- 
trasting background)  should  be  used  interchangeably,  using  the 
combination  which  will  attract  the  most  attention  in  the  par- 
ticular environment.  Examples: 

1.  exposed  and  unguarded  edges  of  platforms,  pits  and  walls 

2.  fbctures  suspended  from  ceilings  or  walls  which  extend 
into  nojrmal  operating  areas 

'  3.  handrails,  guardrails',,  ^r  top  and  bottom  treads  of  stair* 
ways  where  caution  is  needed 

4.  lower  pulley  blocks  and  cranes  ^ 

5.  ^markings  for.  projections,  doorways,  traveling  conveyors, 
low  beams  and  pipes,  the  frames  of  elevator  ways  and 
elevator  gates 

6.  materials-handling  equipment  (or  areas  thereon-)^  such  as 
forklifts  and  hand  trucks 


Blue 


7.  pillars,  posts  or  columns  which  might  be  struck 

8.  vertical  edge  of  horizontally  sliding  pairs  of  fire  doors. 

Blue,  in  the  railroad  and  other  industries,  is  the  standard  color 
for  warnings  against  starting,  using,  or  moving  equipment  under 
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repair  or  being  worked  upon.  Blue  is  also  used  for  warnings,  such 
as  painted  baniers,  flags,  and  so  forthT,  which  should  be  located  at 
the  power  source  or  starting  pomt  of  machinery  and  displayed  on: 

1.  ovens  and  vats 

2.  tanks 

3.  kUns    .  ' 

4.  boilers 

« 

5.  electrical  controls 

6.  scaffolding' 

7.  ladders 

In  construction  yellow  (instead  of  blue)  is  used  for  these  same 
purposes. 

Green  is  used  as  the  standard  color  for  designating  safety  and  for 
showing  the  location  of  first  aid  equipment  (other  than  fire- 
fighting  equipment).  It  is  recommended  that'  the  use  of  **safety 
green**  be  restricted  for  protection  of  the  worker,  so  that  the  color 
will  have  value  in  acquainting  Tiim  with  the  location  of  safety  and 
allied  devices  and  so  that  their  location  will  come  to  mind  readily 
in  time  of  need  or  emergency.  Examples: 

1. ,  stretchers^nd  stretcher  cabinets 

2.  first  aid  cabinets 

3.  first  aid  kits  * 

4.  respiratory  containers 

5.  emergency  showers 

•  .  safety  bulletin  boards.       *  ^ 

Purple  is  the  standard  color  for  designating  radiation  hazards, 
hazards  which  are  not  faced  by  industrial/vocational  education 
shops,  I 


Green 


Purple 
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White  and  Black 


ADVANTAGES  AND 
LIMITATIONS  OF  THE 
SAFETY  COLOR  CODE 


White,  black  or  a  combination  o(  these  are  traffic  and  house- 
keeping marlllngs.  Solid  white,  solid  black,  single  color  striping, 
alternate  stripes  of  black  and  white  or  black  and  white  checkers 
should  b^  lised  in  accordance  with  local  conditions.  Examples: 


1.  dead  ends  of  aisles  or  passageways 

2.  location  and  width  of  aisleways 

3!  stairways  (risers,  direction  and  border  limiblin^s) 

4.  location  of  refuse  cans 

5.  white  corners  for  rooms  or  passageways 


6..  drinking  fountains  and  food  dispensing  equipment  loca- 
tions 

7.  clear  floor .  a^eas  around  first  aid,  flrefighting  or  other, 
emergencjf  equipmeTit.  -  - 

Introducing  students  in:industrial/voc-»tional  education  shops  to 
the  safety  color  code  has  two  advantages.  First,  the  students  who 
are  taught  the  code  aie  absorbing  each  day  the  information  it 
gives  them  about  their  ♦environment,  and  they  will  react  spon- 
taneously in  time  of  emergency.  Secondly,  because  the  safety  * 
color  eode-has  been  adopted  widely  by  industry  and  construction, 
students  are- using  an  information  system  in  the  school  shop  which 
can  be  applied  immediately  to  their  future  Workplaces. 

However,  instructors  must  keep  two  limitations  in  mind  when 
using  tho^standard  safety  color  code. 

li  Too  many  coor  identifications  in  the  eriviipnment  are 
both  confusing  and  fatiguing?  For  maxirtium  emphasis 
the  number  of  markings  should  be  kept  to  a  minimum. 

2.  It  is  far  better  to  eliminate  a  hazard  than  to  mark  it  with 
'  a  color  warning.  The  code  is  only  a  supplement  to  a 
program  aimed  at  properly  guarding  or,  wherever  possible, 
eliminating  the  hazardous  condition.  f 


1M8 


QUESTIONS  AND  ANff.VERS 


1.  What  are  four  benefits  derived  from  adequate  illumination? 


^c|uate : 


Any  four  from  among  the  following: 

a.  .  Fatigue  and  eyestrain  are  reduced. 

b.  Enors  are  minunized. 

c.  Defects  can  be  detected  more  readily. 

d.  The  Jmo  necessary  to  determine  fine  details  and  make 
fine  measurements-  is  reduced.  ^      .  . 

e.  Shop  housekeeping^  improved.  •  / 

f.  The  social  climate  is  improved. 


2.  Two  important  factors  associated  with  illumination  are  its  quality  and  quantity.  The 
amount  of  light  that  produces  bfightness  of  the  task  and  its  surroundings  is  refened  to 


Quantity 


3.  Name  tbe  fwo  kinds  of  glare. 

Direct  glare  and  reflected  glare 


! 
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4*  'What  are*the  major  classifications  of  lighting  systems? 


a.  direct 

b.  semi-direct 

c.  general  diffuse  or  direct*indirec't 
d*  semi-indirect  . 

e.  indirect* 


5.  Maintenance  of  adequate  illumination  in  the  shop  requires  four  tasks*  What  are  they? 

 :  

a.  '  cleaning  fixtures 

b.  '  cleaning  room  surfaces  and  windows 

c.  replacing  worn  out  globes  and  tubes 

d.  repainting  fixtures  and  room  surfaces* 

6.  What^are  four  advantages  of  using  color  in  the  shop? 

a  % 

a.  improved  v^fial  performance 

b.  more  pleasant  shop  environment 

c/  better  housekeepmg  and  improved  repair  and  maintenance 

d,  spotlighting  hazards, 

.    ^  -  /. 

'■  .  /' 

/. 
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7*  How  are  the  foUowing  colors  u^3d  in  the  standard  safety  code:  red,  orange,  yellow, 
green,  white  and  black? 


a.  red  —  danger,  emergency  stops  on  machines,  fire  protection 
equipment 

b.  orange     dangerous  parts  of  machines  or  energized  equip- 
ment 

c/  yellow  —  caution;  physical  hazards 
V 

d.  green  —  safety  and  first  aid  equipment 

e*  white  and  black  —  traffic  and  housekeeping. 


8*  What  two  limitations  should  be  kept  in  mind  in  using  the  standard  color  safety  code? 


a*  Because  too  many  identifications  are  confusing,  the  number 
cf  markings  should  be  kept  to  a  minimum. 

b.  It  is  better  to  eliminate  a  hazard  than  to  mark  it. 


11-21 


Dlumination  and  Color  for  Safety 


BBUOGRAPHY 

Accident  Prevention  Alanual  for  In  tustrial  Operations,  7th  ed.,  National  Safety  Council,  Chicago, 
niinois  60611. 1974. 

American  National  Standard  Guide  for  School  Lighting,  RP-3  A  23.1-1962,  Illuminating  Engi- 
neering Society,  New  York,  New  York  10017. 1%2. 

American  National  Standard  Practice  for  Industrial  Lighting,  ANSI/IES  RP- 7-1979,  Illuminatii.g 
Eo^eering  Society,  New  York,  New  York  10017. 1979.  -  . 

American  National  Standard  Safety  Color  Code  for  Marking  Physical  Hazards,  ANSI  Z53.1-1971, 
American  National  Standards  Institute,  New  York,  New  York  10018. 1971. 

s 

American  National  Standard  Specifications  for  Accident  Prevention  SignSy  ANSI  Z35.1-1972, 
American  National  Standards  Institute,  New'sYork,  New  York  10018. 1972.^ 

Fundanientals  of  Industrial  Hygiene^  2nd  ed.,  National  Safety  Council,  Chicago,  lUinojs  60611. 
•    .  1979. 

McComiick^  Ernest  J.,  Human  Factors  Engineering^  3rd  ed.,  McGraw-Hill,  New  York,  New  York 
10020. 1970. 

U.S.  Department  of  Labor,  Bureau  of  Labor  Standards,  Illumination  for  Safety,  Bulletin  297, 19ti7. 

U.S.  Department  of  Labor,  Bureau  of  Labor  Standards,  Use  of  Color  in  Safety,  Bulletin  298, 1967. 

U.S.  Department  of  Labor,  OSHA  29  CFR  Part  1926  Safety  and  Health  Regulations  for  Construc- 
tion with  29  CFR  Part  1910  General  Industry  Safety  and  Health  Regulations  Identified  as 
Applicable  to  Construction.  Federal  Register,  Vol.  44,  No.  19.  February  9, 1979. 


ERLC 


11-22 


23: 


APPENDIX  A  . 
SUGGESTIONS  FOR  SLIDES  ^ND  f-IGURES 
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FIBE  PROTfCTinN  Rfn 


ALERT  ORANGE 


HIGH  VISIBILITY  YELLOW 


WSiS  


-4- 


// 


I 


STOP 


PRECAUTION  BLUE 


AFFIC  WHITE 


SAFETY  GREEN 
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.  APPENDIX  B 

HOW  WE  SEE 
AND 

THE  THEORY  OF  COLOR 


NOTES 

1.  The  sections  on  "How  We  See"  and  "Factors  Affecting  Seeing" 
are  adapted  from  American  National  Standard  Practice  for 
Industfial  Lighting,  ANSI/IES  RP-7-1979  (New  York:  Ulum- 
inating  Engineering  Society,  1979),  pp..  8-9, 

2.  This  section  of  "Visual  Skills"  k  adapted  from  Ernest  J. 
McCormick,  Human  Factors  Engineering,  3rd  ed.  (New  York: 
McGraw-Hill,  1970),  pp.  55-60. 
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This  appendix  deals  ,  with  aome  'of  tJ^  more  technical  aspects  of 
illumination  and  color:  how  we  seeiiactors  affecting  seeing,  the 
anatomy  of  the  eye,  visual  skills  and  the  theory  of  color. 

In  general,  one  sees  objects  in  three  ways:  reflection^  transmission 
and  silhouette.  Perception  by  silhouette  involves  detecting  an 
object  and  its  pontour  bec^.use  its  darker  outline  contrasts  against 
ligKted  surroundings.  Silhouette  lighting  is  used  as  low-level  safety 
lighting,  where  hazardous  objects  or  obstacles  are  seen  against 
lighted  surroundings  (protective  and  emergency  lighting,  outdoor 
passageways  and  roadways). 

Transmission  involves  the  revealing  of  details  through  the  varia- 
tion and  'transmission  of  white  light  or  the  changing  of  color 
through  materials  that  are  susceptible  to  penetration.  Transmission 
generally  involves  the  inspection  of  translucent  materials. 

By  far  the  most  commo'n  method  of  seeing  is  by  reflected  lightS 
where  light  and  dark  areas  or  details  are  revealed  by  a  difference 
in  reflection.  Highlights  and  shadows  are  actually  the  result  of  the 
amount  of  light  reflected  by  an  object  which  in  turn  helps  us  to 
perceive  the  world  in  three  dimensions. 

The  visibility  of  an  object  is  determined  "by  size,  contrast,  time  of 
viewing  and  brightness.  Each  of  these  factors  is  sufficiently  de- 
pendent upon  the  others  so  that  a  deficiency  in  one  may  be 
compensated  for  (within  limits)  by  augmenting  one  or  more  of  the 
others. 

As  size  increases,  visibility  increases,  and  up  to  a  certain  point 
seeing  becomes^asier.'  If  the  size  of  an  object  is  small,  a  person 
should  use  more  light,  hold  the  object  closer  to  his  eye  or  even 
use  a  magnifier. 

To  be  readily  visible,  each  detail  of  the  perceived  object  must 
differ  in  brightness,  (or  color)  from  the  surrounding  background. 
If  discrunination  is  dependent  soJely  on  brightness  differences, 
visibility  is  at  a  maximum  ^vhen  the  contrast  of  details  with  the 
background  is  the  greatest.  Therefore,  within  the  limits  available, 
the  contrast  between  the  object  regarded  and  its  immediate  back- 
ground should  be  made  as  high  as  possible.  Where  it  is  impractical 
to  provide  good  contrast  conditions,  liigher  levels  of  illumination 
iielp  compensate  for  poor  contrast. 


INTRODUCTION 


HOW  WE  SEEI 


Silhouette 


Transmission 


Reflection 


FACTORS  AFFECTING 
SEEING 


Size 


Contrast 
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Time 


Brightness 


ANATOMY  OF  THE  EYE 


Cornea 

Iris..  '  ' 

Pupa 


Lens 


The  speed  with  which  a  visual  task  ca^i  be  performed  is  related  to 
illumination,  size  and  contrast.  By  increasing  illumination,  the 
time  required  for  seeing  will  be  shortened.  Tasks  of  high  contrast 
and  large  size  generally  require  less  time  than  tasks  of  low  contrast 
and  small  size. 

 1/  5  < 

Size,  contrast,  and  to  some  extent  time  are  factors  inherent  in  the 
task  itself.  Brightness  is  the  visibility  fartor  that  is  most  con- 
trollable. Within  vidde  limits,  brightness  can  b6  controlled  by 
varying  the  amount  and  distribution  of  light  and  can  to  some 
extent  .compensate  for  deficiencies  in  other  factors. 

Th>eye,  in  many  resjpects,  resembles  a  camera. ^Each  of  its  parts  is , 
essential  (see  Figure  22).  ' 


mREOliS  HUMOn 
AmOUS  HUMOR 

mm 
ms 

.4 

OPm  HEM 


Adapted  from  Illumination  for  Safety,  U.S.  Department  of  Labor, 
Bulletin297,  (1967),  p.3. 


The  cornea  is  an  outer,  frontal,  clear  covering  which  admits  light 
to  the  eye.  It  protects  the  eye. 

The  iris  is  a  pigmented  shutter  that  opens  and  closes  in  response  to 
light  intensity.  It  regulates  the  amount  of  light  which  is  admitted 
to  the  eye.  Two  muscles  in  thp  iris  change  the  size  of  the  pupil. 

The  pup/7  is  not  a  black  structure  but  simply  a  hole  in  the  center 
of  the  iris.  In  bright  light  it  becomes  smaller  in  order  to  limit  the 
amount  of  light  entering  the  eye,  and  4t  opons  wider  when  the 
amount  of  light  is  less. 

The  lens  is  immediately  behind  the-  iris.  It  is  a  flexible  optical 
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instrument  filled  with  clear  colorless  fluid.  The  flexibility'  of  the 
lens  permits  it  to  adjust^  itself  to  bring  about  proper  focus  on  the 
retina. 

'The  aqueous  humor  is  behind  the  cornea.  It  is  a  transparent  fluid 
that  provides  a  protective  layer  for  the  iris  and  leris. 

The  retina  covers  almost  all  of  the  inner  surface  of  the  eyeball. 
The  ^age  of  an  object  upon  the  retina  is  reversed  and  inverted, 
just  as  it  is  in  a  camera.  The  nerve  receptors  on  the  retina,  upon 
receiving  light  through  the  lens,  set  up  nerve  impulses  which  are 

^  transmitted  through  the  optic  nerve  to  the  brain,  >where  translation 

*  takes  place..  o  . 

The  optic  nerve  includes  all  the  nerve  fibers  in  the  eye.  It  serves 
as  a  pathway  for  the  electrical  energy  from  the. retina  to  the 
brain,  ' 

The  eyeballs  are  moved  by  sets  of  muscles  that  surround  them  so 
that  the  eyes  can  move  in  various  directions.  The^different  features 
of  the  eye  make  possible  certam  visual  skills. 

'  Visual  Acuity  -  Visual  acuity  is  the  abUity  to  perceive  black  and 
white  detail'  at  varying  distances.  It  is  largely  controlled  by  the 
accommodation  of  the  eyes.  Accommodation  is  the  adjustment  of 
the  lens  of  the  eye  to  bring  about  proper  fdcusmg  of  the  light 
rays  on  the  retina. 

Convergence  —  When  our  visual  attention  is  directed  to  a  par- 
ticular object,  our  two  eyes  converge  on  the^object,  accommoda- 
ting to.  the  distance  so  that  the  unages  of  the  object  on  the  two 
retinas  are  in  corresponding  positions.  In  this  way  we  get  an  hn- 
pression  of  a  single  object.  Convergence  is  controlled  hy  muscles 
that  surround  the  eyeball. 

Defith  Perception  —  Depth  perception,  or  stereopsis  is  an  im- 
pression of  depth  or  distance  caused  by  the  eyes  seeing  an  object 
from  slightly  different  angles.  A  person  who  does  not  have  depth 
perception  wUl  be  forced  to  judge  distance  or  depth  on  the  basis 
of  cues,  such  as.  size  of  objects  relative  to  each  other,  the  apparent 
speed  of  moving  objects  in  the  distance,  the  relative  position  and 
relative  clarity  of  objects. 

Color  Discrimination  —  The  differentiation  we  make  between 
colors  is  due  primarOy  to  the  action  of  the  cones  of  the  retina. 
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The  retina  is  made  up  of  approximately  130  million  rods  which 
tend  to  predominate  toward  the  outer  reaches  of  the  retina 
aroiind  the  sides  of  the  eyeball.  They  are  primarily  sensitive  to  the 
amount  of  BghtV  with  little  sensitivity  to  differences  in  wave 
length.  Accompanying  the  rods  are  approximately  six  to«  seven 
million  cones  which  are  more  sensitive  to  variations  in  t'Se  wave 
lengths  of  light,  thus  giving  rise  to  the  subjective  sensation  of 
colon  ■  . 

Dark  Adaptation  —  The  adaptation  of  the  eye  to  different  levels 
of  brightness  and  darkness  is  brought  about  by  two  functions: 

1,  As  we  go  into  a  darkened  room,  the  pupil  of  the  eye 
increases  in  size  in  order  t^admit  more  light  to  the  eyes. 
The  pupil  tends  to  contract  in  bright  light,  in  order  to  limit 
the  amount  of  light  that  enters  the  eyes.  Because  this 
process'  takes  a  little  whife,  as  wa  proceed  from  onfe  condi- 
tion of  illumination  to  another  we  may^be  partially  blinded 
until  this  process  is  completed. 

2.  Another  function  that  affects  how  well  we  can  see  as  we 
go  from  the  light  into  darkness  is  d  physiological  process 
in  the  retina  in  which  "visual  purple"  is  built  upi  Under 
such  circumstances  the  cones  (which  are  colojc  sensitive) 

^  lose  most  of  their  sensitivity,  and  the  rods  take  over  our 
visual  functions;  Since  in  the  dark  our  vision  is  dependent 
very  largely  qn  the  rods,  color  discrimination  is  limited  in 
the  dark.  The  time  required  for  complete  dark  adapta- 
tion is  usually  30  to  40  minutes  or  more,  Ilie  reverse 
adaptation  from  darkness  to  light  takes  place  much  more 
rapidly,  usually  in  a  matter  of -seconds  or,,  at  most,  in  a 
minute  or  two. 

Some  substances  absorb  almost  all  of  certaino'waye  lengths  and 
reflect  only  one  part  of  the  spectrum.  This  property  gives  the  ob- 
ject its  color.  Thus,  an  object  appeaip  green  because  it  absorbs 
most  colors  and  reflects  green.  Black  is  not  a  color,  but  black 
objects  appear  so  because  most  of  the  light  absorbed  and  little 
light  is  reflected.  YeUow  occupies  the  point  of  highest  visibility 
in  the  spectrum.  Most  authorities  agr<?e  that  black  lettering  on  a' 
yellow  background  has  the  greatest  legibility. 
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The  following  definitions  are  useful  in  discussing  color: 


•  Color  (chrpme,  hue,  shade,  tint,  tinge)  means  a  property  of 
a  thing  visible  only  in  light. 

•  Hue  is  that  attribute  of  a  color  which  distinguishes  it  from 
othef  colors;  i.e.,  red.  from  yellow,  blue  from  green,  etc. 
It  also  applies  to  variations  in  a  color  when  mixed  with 
another  color.  ' 

•  Tone  is  that  attribute  by  which  a  color  holds  a  position  in 
a  dark-to-ligKt  scale,  such  as  navy  blue  which  differs  in 
tone  from  light  blue.  Tone  is  also  Known  as  saturation. 

Tinty  a  light  or  delicate  touching  with  color,  is  also'some.- 
times  used  to  mean  the  slight  alteration  of  a  color. 

Tinge  is  an  infusion-or  trace  of  color. 

Shade  has  come  to  mean  simply  any  color. 

"Bright"  colors  appear  larger  than  "deep"  colors.  Experiments 
have  proven  that  yellow^,is^  seen  as  the  "largest"  of  hues,  followed 
by  white,  red,  green/blUe  and  black.  From  this  it  follows  that 
signs,  objects  and  irooms  can  be  made  to  appear  to  expand  or  con- 
tract in  accordance 'with  arrangements  qf  color  brightness  within 
the  field  of  vision.  Ceilings  can  be  made  to  look  higher  or  lower; 
walls,  nearer  or  farthisr  away;  and  selected  forans  or  shapes,  larger 
or  smaller, 
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Reprinted  from  Color  in  Safety,  U.S.  Department  of  Labor,  Bureau  of  < 
Labor  Standards,  Bulletin  298  (1967),  p.  3. 

In  this  figure  both  background  .panels  are  the  Same  size  as  are  the 
two  discs,  but  the  yellow  disc  on  the  black  background  appears 
larger  than  the  black  disc  on  the  yellow  background. 


Color 


Hue 


Tone 


Tint 


Tinge 


Sha 


Irradiation 


Instructor  Note:  Refer  to 
Figure  "Irradiation,'^  If 
color  slide  is  not  available, 
use  cutouts. 
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Complementation 


Instructor  Note:  Refer  tp 
Figure  "Complementation. 


Every  color  has  an  after-image  of  its  complement.  Since  a  pimilar 
phenomenon  is  true  for  ?3l  colors,  the  proper  knowledge  of  .com- 
plementary colors  will  enable  one  to  emphaaze  any  given  colored 
area  by  giving  it  a  background  of  its  complement. 

If  you  will  stare  at  the  red  disc  at  tlie  lower  left  while  you  count 
slowly  to  twenty  and  then,  gaze  at  v*ie  small  cross  to  the  nght, 
you  will  see  a  light  blue-green  after-image  appear. 


COMPLEMENTATION 

Reprinted  from  Color  In  Safety,  U.S.  Department  of -Labor,  Bureau  of 
Labor  Standards,  Bulletin  298  (1967),  p.  3. 
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METHODS 


PURPOSE 


OBJECTIVES 


Lecture  and  Demonstration 


LENGTH:  60  Minutes 


SPECIAL  TERMS 


INSTRUCTOR 
MATERULS 


TRAINEE 
•MATERULS 


To  introduce  the  participant  to  methods  whereby.  |ires  in  the  industrial/voca* 
tional  education  shop  can  be  prevented  an4  controlled) 

To  familiarize  participants  i^ith: 
1*  The  fundamentals  of  fire 

2*  Common  ignition  sources  and  ways  to  control  them  ^ 
3*  *  The  of  fires  and  precautions  aimed  at  preventing  each  class  from 

occurring  ^  ^ 

4.  Requirements  for  storing  flammable  liquids  and  hazardous  substances 

5.  Ways  to  limit  lire  spread 

6.  Requirements  for  an  adequate  fire  ^stem,  including  detection  devices, 
sprinkler  systea^s  ard  portable  fire  extinguishers 

7*  Emergency  procedures  in  case  of  H*^* 


Fire 

2.  Combustion 

3*  Uninhibited  Chain  Reaction 

4.  Flash  Point 

5*  AutO'^Ignition  Temperature 

6*  Flammable  Liquid 

7.  Combustible  Liquid 


S.  Spontaneous  Ignition 

9.  Static  Electricity 

10«  Bonding 

11.  Grounding 

1%  Ionization  , 

13.  Drs'-Pipe  ' 

14.  Wet-Pipe 


Chalk  Board/Chalk 

35lnm  Slidps,  Projector  and  Screen 


Participant  Outlines 


UNIT  12 
FIRE  PROTECTION 


The  last  several  units  have  been  conc^ed  with  some  principles 
.vof  good  shop  planning,  including  the  construction  of  safe  working 
surfaces,  maintenance  ot  facilities^  and  provision  for  adequate 
illumination.  Two  other  important  considerations  in  plaftmng  the 
school  shop  are.fiie  protection  and  safe  storage  and  handling- of 
hazardous  materials.  In*  this  unit  we  will  examine  the  classes ^of 
fires,  the  special  properties  of  flammable  and  combustible  mate-^ 
rials  and  the  storaga  facilities  necessary  for  fife  protection.  We  will 
then  discuss  various  fire  protection  systems;  detection  devices, 
sprinkler  systems  and  fire  extinguishers! 

The  potential  fo?  fires  in  industrial/vocational  education  shops 
is  a  great  deal  higher  tfian  .many  persons  believe.  National 'Fire 
Protection  Association  studies  demonstrate  that,  m*i976  alone, 
23,500  fires  occurred  in  educational  facilities,  accounting  for 
$159,700,000  m  property  bsses.  Many  of  these  fires  began  m 
school  shops. 

Everything  necessary  to  start  a  fire  is  present  in  the  industrial/ 
vocational  education  shop.  Fire  is  the  combmmg  of  oxygen  and 
fuel  in  proper  temperature  to  sustam  combustion.  CjSmbustion  is 
the  chemical  pr^ess  in  which,  as  a  rejult  of  applied  heat,  fuel  and 
oxygen  um'te  at  a  rapid"  rate,'  parodiicing  light  and  heat.  To  produce 
combustion  there  must  be: 

•  fuel 

« 

•  oxygen  (air),      \  ^ 

•  heat 

•  unmhibited  chain  reaction  (see  Fipire  23).  ' 

Each  of  these  is  present  in  the  mdustrial/vocational  education 
shop. 
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FUNDAMENTALS  OF  FIRfe 


Fire  Pyramid 
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FIRE  PYRAMID 


"The  fire  pyramid."  Oxygen^  heat,  ,fuel, 
and  chain  reactions  are  necessary  compo- 
nents of  a  fire.  Speed  the  process  and  an 
'   .  exprosion  results. 

Reprinted  with  permission  from  Accident 
Prevention  Manual  for  Industrial  Opera- 
tions, 7th  ed.  (Chicago:  National  Safety 
Council,  1974),  p.  1341. 

Figure  23 

Fuel  is  usually  in  abundant  supply  from  sources  such  as  gasoline, 
paint,  solvents,  plastics,  oily  rags,  hydrogen  generated  'during 
battery  charging,  cleaning  materials,  sawdust,  paper.^d  scnip. 
•Common  chemical  elements  also  serve  as  fuek:  carbon;  hydrogen 
and  sulphur.  ^ 

f 

The  oxygen  necessary  for  a  fire  is  in  plentiful  supply  from  the 
open  air  .itself.  The  air  we  breathe  generally  contains  21  percent 
•oxygen.  The  shop  also  -contains  oxydizing  agents  which  support 
combustion  (for  example,  iron  oxides,  'nitric  acids  and  nitrogen 
oxides). 
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Fuel  will  not  -burn,  or  the  union*  of  oxygen  and  fuel  will  not  take 
place,  until  a  certain-temperature  is  reached.  Various  fuels  ignite  at 
various  temperatures.  Two  terms  are  used^  defining  the  tem- 
perature at  which  a  fuel  ignites^ilash^oint  and  auto-ignition 
temperature,  ^  ^ 

< 

Flash  point  is  the  minimum  temperature  at  which  a  liquid  gives 
off  vapor  in  sufficient  concentration  to  form  an  ignitible  mixture 
with  air  near  the  surface  of  the  liquid/ Those  liquids  with  the 
Iqwest  flash  points  are  the  most  hazardous.  Flash  point  tempera- 
tures cannot  be  considered  constants,  for  they  are  related  to  other 
conditions.  For  example,'  the  amount  of  vapor  that  will  accum- 
ulate in  the  air  above  a  volatile  liquid  depends  upon 

1.  vapor  pressure  or  the  relative  saturation  of  air  with  the 
vapor 

2.  the  surface  area  of  the  volatile  liquid. 

Flammable  liquids  are  th^se  with  flash  points 'below  100°F;com- 
'bustible  liquids  are/those  with  flash  points  at  or  above  100°F. 

Auto-ignition  temperature  is  the  lowest  temperature  at  which 
a  flammable  gas-  or  vapor-au-  mixture  will  ignite  from  its  own  heat 
source  or  a  contacted  heat  surface^without^he  necessity  of  a  spark 
or  flame.  Vapors  and  gase;  will  ignite  spontaneously  at  a  lower 
temperature  in  oxygen  than  in  air.  The  majority  of  vapors  and 
gases  will  not  se^f-ignite  in  .air  until  they  reach  temperatures  of 
about  500^F  to  900°F.  . 

Heat  may  be  produced:  by  frictpn,  an  electric  spark,  chemical 
action,  the  rays  of  the  sun  or  heat  from  other  burning  materials.  In 
the  industrial/vocational  education  shop  the  source  of  ignition 
may  also  come  in  such  forms  as  open  flames,  sparks,  heating  sys- 
tems, welding,  hot  metal  and  electrical  equipment. 

The  fourth  side  of  the  fire  pyramid  is  an  Uninhibited  chain  reac-^ 
tion.  This  concept  emphasizes  the  need  for  chemical  reactions 
betv/een  the  fuel  and  oxidizer  to  progress  without  interference.! 

The  most  common  way  of  preventing  fires  is  by  eliminating  either 
t^fuel  or  the  heat  (source  of  ignition).  To  extinguish  a  fu:e,  it  is 
necessary  to  remove  one  side  of  the  pyramid: 

1.  FueL  Remove  or  seal  off  fuel  by  mech^ical  means,  or 
divert  or  shut  off  the  flow  of  burning  liquids  or  ga.<;es. 


Heat 


Flash  Point 


Flammable  Liquids 
Combustible  Liquids 

Auto-Ignition  Temperature 


Uninhibited  Chain  Reaction 


Removing  One  Side  of  Fire 
Pyramid 
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Direct  Contact 
Conduction 

Convection 
Radiation 

Propagation  of  Explosions 
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2i  Oxygen.  Exclude  the  air  by  smothering  or  by  dilution, 

3.  Heat.  Cool  the  burning  material  below  its  ignition  point 
with  a  suitable  cooling  agent. 

4.  Chain  Reaction.  Interrupt  the  chemical  chain  reaction  of 
the  fire  by  using  dry^  chemical  or  Halon  extinguishing 
agents.  2 

Later  in  this  unit  metliods  of  extinguishing  fires  will  be  discussed 
ir  more  detail. 

Before  we  can  discuss  fire  protection,  it  is  necessary  to  understand 
clearly  the  methods  of  heat  transmission. 

The  most  common  means  of  spreading  or  propagating  a  fire  is  the 
direct  contact  of  flammable  or  combustible  material  with  a  flame.  * 

Conduction  is  the  transfer  of  heat  from  one  body  or  object  to 
another  through  an  intervening  conducting  medium,  usually  a 
solid. 

Convection  is  heat,  transmission  by  a  circulating  medium,  either 
gas  or  liquid.  Since  heated  media  expand  and  rise,  the  hot  gases 
and  smoke  convey  heat  and  toxic  gases  to  the  upper  floors.  The 
more  intense  the  fire,  the  greater  the  speed  with  which  the  smoke 
and  heat  rise.  Convection  of  smoke,  heat  and  toxic  gases  through 
vertical  openings  presents  grave jdangers  to  persons  on  the  upper 
floors  of  buildings.  Some  toxic  gases  from  fire  are  carbon  mon- 
oxide (CO)  and  sulphur  dioxide  (S02). 

m 

Heat  waves  or  rays  given  off  by  a  heated  body  travel  in  all  direc- 
tions in  straight  lines  until  they  are  absorbed  or  reflected  by 
another  object.  The  amount  of  heat  radiated  from  the  source 
increases  very  ri.pidly  as  the  temperature  of  the  source  rises.  The 
amount  of  radiant  heat  reaching  an  exposed  object  depends  upon 
the  temperature  difference  between  the  heat  source  and  the  object 
and  the  distance  between  them. 

Explosions  of  flammable  dust  usually  occu?  in  a  series,  with  the 
later  explosions  causing  the  most  serious  damage.  Fire,  whic^  may 
or  may  not  cause  another  explosion,  occurs  after  the  initial 
explosion. 
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A  study  of  approximately  25.000  industrial  fires  traced  the  origin^ 
of  these  fires  to  the  following  general  causes^ 

1.  23%  electrical  " 

2.  18%  smoking 
V    3.   10%  friction 

4.  8%  overheated  materials'** 

5.  7%  hot  surfaces 

6.  7%  burner  flames 

7.  5%  combustion  sparks 

8.  4%  spontaneous  ignition 

9.  4%  cutting  and  welding 

10.  3%  exposupe 

11.  3%  incendiarism 

12.  2%  mechanical  spell  ivS  ' 
1,3.  2%  molten  substances 

14.  1%  chemical  action 

15.  1%  lightning 

16.  ]%  static  sparks 

17.  1  r  miscellaneous. 

Electric  failures  arid  misuse  of  electrical  equipment  are  the  prin- 
cipal causes  of  industrial  fires.  Some  specific  causes  of  such  fires 
are  electrical  arcing,  jihort  circuits,  overloaded  circuits  and  equip- 
ment and  substandard  wiring.  Proper  maintenance  and  periodic 
inspection  of  elec^'ical  equipment  and  proper  job  training  will 
reduce  the  hazards  of  this  ignition  source.  Haphazard  wj*'ing,  poor 
connections  and  'temporary"  repairs  must  be  brought  up  to 
standard.  Fuses  should  be  of  the  proper  type  and  size.  Circuit 
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Electric  Fires 
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Smoking 


Friction 


Overheated  Materials  and 
Hot  Surfaces 


Burner  Flames  and 
Combustible  Sparks 


breakers  should  be  checked  to  see  that  they  have  not  been  blocked 
in  the  closed  position,  which  results  in  overloading,  and  to  see  that 
moving  parts  do  not  stick.  The  National  Electrical  Code,  NFPA 
Standard  No.  70,  should  be  followed. 

Smoking  and  match^  are  the  second  most  common  cause  of  fire. 
This  potential  ignition  source  can  be  controlled  if  students  are 
taught  to  follow  smoking  regulations  and  to  smoke  only  in  non- 
hazardous,  permitted  areas.  Because  careless  disposal  of  ashes  and 
matches  can  present  problems  in  perihitted  smoking  areas,  proper 
receptacles  should  be  provided  to  prevent  fire  m  these  areas. 
Prohibition  of  smoking  without  proper  attention  to  education  has 
caused  fires  through  clandestine  smoking.  Where  regulations  per- 
mit, smoking  areas  should  be  provided  and  students  taught  why  it 
is  hazardous  to  smoke  in  prohibited  areas. 

Fires  caused  by  friction  usually  result  from  hot  bearings,  mis- 
aligned or  broken  machine  parts,  choking  or  jamming  of  material 
and  poorly  adjusted  power  drives  and  conveyors.  Friction  can  be 
eliminated  by  proper  maintenance  and  lubrication  and  regular 
inspection  of  all  mechanical  equipment. 

Another  cause  of  fire  is  overheated  materials,  the  result  of  pro- 
cesses or  operations  that  require  the  heating  of  flammable  mate- 
rials and  liquids  and  ordinary  combustibles.  Fires  caused  by  hot 
surfaces  are  usuJly  the  result  of  conduction,  convection  and  ra- 
diation of  heat  from  boilers,  hot  ducts  or  flues,  steam  pipes  or 
electric  lamps,  which  ignite  flammable  liquids  and  combustibles. 
Control  of  such  fires  requires: 

1.  proper  clearances  of  combustible  materials  around  boilers, 
steam  pipes,  etc. 

2.  adequate  insulation  and  air  circulation  between  hot  sur- 
faces and  combustibles 

3.  proper  job  training  and  careful  supervision 

4.  well  maintained  automatic  temperature  control  devices. 

Fires  caused  by  burner  flames  are  usually  the  result  of  improper 
use  or  poor  maintenance  of  portable  torches,  boilers,  driers  and 
portable  heating  equipment.  The  sources  of  fires  started  by  sparks 
can  usually  be  traced 'to  burning  rubbish,  engine  stacks,  foundry 
cupolas,  furnaces  and  welding  stations.  Burners,  stoves,  furnaces, 
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etc.,  should  be  properly  adjusted  and  maintained,  with  adequate 
clearances  from  combustibles  and  with  spark  arrestorson  exhaust 
flues  or  pipes.  Other  preventive  measures  include  keeping  open 
flames  away  from  combustible  materials,  employing  adequate 
ventilation  and  combustion  safeguards,  and  proper  design,  opera- 
tion and  maintenance. 

Spontaneous  igniti9n  occurs  when  combustibles  and  oxygen  in  the 
air  are  heated  sufficiently  to  begin  a  reaction  which  continues 
until  the  combustible  materials  reaches  a  temperature  at  which  the 
reaction  becomes  self-sustaining.  This  temperature  level  is  known 
as  the  ignition  point  or  ignition  temperature.  Spontaneous  ignition 
is  usually  the  result  of  improper  disposal  of  oily  waste  and  rubbish 
and  of  deposits  in  ducts  and  flues.  Control  methods  include: 

1.  Provide  safe  containers  for  all  substances  subject  to  spon- 
taneous heating. 

2.  Provide  for  prompt  and  regular  disposal  of  the  contents 
of  such  containers. 

3.  Use  nonflammable  cleaning  solvents. 

4.  Provide  for  regular  cleaning  of  ducts  and  flues. 

5.  Isolate  storages  subject  to  spontaneous  heating. 

Fires  that  occur  as  the  result  of  cutting  and  welding  operations  are 
usua^y  caused  by  sparks  and  hot  metal  landing  near  welding  sur- 
faces, or  by  defective  gauges  or  deteriorated  gas  lines  on  the  weld- 
ing apparatus.  Proper  training  of  students  in  the  recognition  of 
hazards  during  cutting  and  welding  will  help  reduce  these  ignition 
sources.  A  later  unit  will  be  devoted  to  safety  and  health  consid- 
erations in  welding  operations. 

Fires  that  occur  through  exposure  are  usually  caused  by  heat  from 
adjoining  or  nearby  buildings. 

Incendiary  fires  are  started  maliciously  by  employees  in  the  in- 
dustrial setting  and  students  in  the  school  setting  or  by  intruders. 

Fires  caused  by  mechanical  sparks  are  usually  generated  by  metal 
in  machines  or  during  grinding  and  crushing  operations.  Proper 
care  in  cleaning  and  keepjng  stock  free  of  foreign  metallic  pieces 
will  prevent  sparks  from  causing  fires. 


Spontaneous  Ignition 


Cutting  and  Welding 


Exposure 
Incendiarism 
Mechanical  Sparks 
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Molten  Substances 


Chemical  Action 


Static  Sparks 


STATIC  ELECTRICITYS 


Fires  caused  by  molten  substances  generally  are  the  result  of 
molten  metal  released  from  a  ruptured  furnace  or  spilled  during 
handling.  They  can  be  prevented  by  proper  operation  and  mainte- 
nance of  equipment. 

Chemical  fires  start  when  chemicals  react  with  other  chemicals 
or  materials  or  when  decomposition  causes  Chemicals  to  be  un- 
stable. The  best  preventives  are  .proper  operation  and  careful 
handling  and  storage,  particularly  avoiding  conditions  of  heat  and 
shock. 

Fires  from  static  are  the  result  of  contact  and  se?paration  of  materi- 
als which  ignite  flammable  vapors,  dusts  and  fibers.  These  static 
charges  are  generated  on  agfAation  and  mixing  equipment,  belts, 
splash-filling  of  tanks,'  etc.  They  can  be  prevented  by  groundmg, 
bonding,  ionization  and  humidification. . 

Static  electricity  is  generated  by  the  contact  and  separation  of 
dissimilar  materials.  For  example,  static  electricity  is  generated 
when-  a  fluid  flows  through  a  pipe  or  from  an  orifice  into  a  tank* 
Examples  of  several, methods  of  generating  static  electricity  are 
shown  in  Figure  24. 
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Typical  static-producing  situations,  including  charge  separation 
in  pipe. 

Reprinted  with  permission  from  Accident  Prevention  Afanuai  for 
Industrial  Operations,  7th  ed.  (Chicago:  National  Safety  Council, 
1974),  p.  1290. 

Figure  24 
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The  principle  hazards  created  by  static  electricity  are  those fire 
and  explosion,  which  are  caused  by  spark  discharges  containing 
-sufficient  energy  to  ignite  any  flamnlable  or  explosive  vapors, 
gas-^s  or  dusts  which  are  present.  Students  and  staff  may  ^Iso  be 
shocked,  causing  an  involuntary  reaction  (such  an  falling)  which 
may  lead  to  injury. 

Static  sparks  are^most  dangerous  where  flammable  vapors  are 
present  in  the  air,  such  as  at  the  outlet  of  a  flammable  liquid  fill 
pipe,  a  delivery  hose  nozzle,  near  an  open  flammable  liquid  con- 
tainer and  around  a  tank  truck  fill  opening  or  banel  bunghole. 
A  spark  between  two  'bodies  occurs  when  there  is  not  a  good 
electrical  conductive  path  between  them.  Grounding  and  bonding 
of  flammable  liquid  containers  prevent  static  electricity  from  caus- 
ing a  spark.  Recommended  Practice  on  Static  Electricity,  NFPA 
Standard  No.  77,  should  be  consulted  for'details. 

The  words  "bonding"  and  "grounding"  often  have  been  used 
interchangeably  because  of  a  poor  understanding  of  terms.  The 
purpose  of  bonding  is  to  eliminate  a  difference  in  potential  between 
objects.  The  purpose  of  grounding  is  to  eliminate  a  difference  ih 
potential  between  an  object  and  ground  (see  Figure  25).  Bonding 
and  grounding  are  effective  only  when  the  bonded  objects  are 
conductive. 


BONDING  AND 
GROUNDING 


Although  bonding  will  eliminate  a  difference  in  electrical  potential 
between  the  objects  that  are^oncjed,  it  will  not  eliminate  a  dif- 
ference in  potential  between  those  objects  and  the  earth,  unless 
one  of  the  objects  possesses  a  ground  to  earth.  Therefore,  bonding 
will  not  eliminate  the  static  charge  but  will  equalize  the  potential 
between  the  objects  bonded  so  that  a  spark  will  not  occur  between 
them. 

r 

Flammable  liquids  are  capable  of  building  up  eledtrical  charges 
when  they  flow  through  piping,  when  they  are  agitated  in  a  tank 
or  a  container,  or  when  they  are  subjected  to  vigorous  mechanical 
movement  such  as  spraying  or  splashing^  Proper  bonding  and 
grounding  of  the  transfer  system  usually  drains  off  this  static 
charge  to  ground  as  fast;  as  it  is  generated.  However,  rapid  flow 
rates  in  transfer  lines  can  cause  very  high  electrical  potentiak  on 
the  surface  of  liquids,  regardless  of  vessel  grounding.  Furthermore, 
some  petroleum  liquidsarepoor  conductors  of  electricity,  particu- 
larly  the  pure,  refined  products;  even  though  the  transfer  system  is 
properly  grounded,  a  static  charge  may  build  up  on  the  surface  of 
the  liquid  in  the  receiving  container.  The  charge  accumulates 


12-11 


ERLC 


Fire  Protection 


because  static  cannot  flow  through  the  liquid  to  grounded  metal 
as  fast  as  it  is  being  generated.  The  accumulated  static' charge  can 
result  in  a  static  spark  with  sufficient  energy  to  ignite  a  flammable 
air-vapor  mixture. 

BONDING  AND  GROUNDING 
CHARGED  AND  UNCHARGED  BODIES  INSULATED  FROM  GROUND 


CK«#f«  (Q)  =^'^  4  mi<r*c««l«mbt 
C«p«dt«fK«  (C)  t«  f  rMdrf  =  0.01  mi<T«fai«4 
V*H»9«  (V)  t«  frMfW.Md 
«ficK«ff»4  My  =  400  v*tf« 


<h«rf«  (Q)  =  0 

Cep«dl«(K«  (C)  =  0.01  micr*f«rW 
V«{f«ff«  H  9TWnd  (V:  =  0 


BOTH  INSULATED  BODIES  SHARE  THE  SAME  CHARGE 


t*9«thtf  will  short 


Ck«rf«  (Q)  Ml  b«lh  b*diM  -  4  mi<rocovl«mb» 
CsMci^nc*  (C)  tQ  fr«gnd  f«r  b«lh  b»<Ii*«  -  0.03  microf ored 
VtHvf*  (V)  t«  f rMfW  '  300  vclu 


BOTH  BODIES  ARE  GROUNDED  AND  HAVE  NO  CHARGE 


and  grounded  ptrmit 
ch«r9«  tm  flow  t« 
grtufid 


Chart •  (Q)  on  both  bodiot  ^  0 
CoMcj'O'K*  to  *o  ground  -  0  01  microfoaMi 
Voltofo  (V)  to  ground  -  0 


Ground 


Bonding  eliminates  a  difference  of  potential  between  objects.  Ground* 
ing  eliminates  a  difference  of  potential  between  objects  and  ground. 
Bonding  and  grounding  apply  only  to  conductive  bodies  and,  when 
properly  applied,  can  be  depended  upon  to  remove  the  charge.  " 
Reprinted  with  permission  from  Accident  Prevention  Manual  for 
Industriai  Operations,  7th  ed.  (Chicago:  National  Safety  Council, 
1974),  p.  1292. 

Figure  25 
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This  high  static  charge  is  usually  controlled  by  reducing  the  flow 
rates,  avoiding  violent  splashing  with  side-flow  fill  lines  and  using 
relaxation  time. 

When  flammable  liquids  are  transferred  from  one  contamer  to 
another,  they  must  be  effectively  bonded  and  grounded*  This  prac- 
tice prevents  electrical  discharge  (sparks)  from  the  accumulation 
of  static  charge  because  of  the  transfer  process. 


Orums  grounded  and  ix>nded  to  receiving  container. 

From  Occupational  Safety  and  Health  In  Vocational 

Education  {Cincinnati:  NIOSH,  February  1979),  p.  78. 

Flat  mbving  belts  are  sources  of  static  electricity  unless  they  are 
made  of  a  conductive  material  or  coated  with  a  conductive  belt* 
dressing  compound  designed  to  prevent  the"  accumulation  of 
static  charges.  However,  V-belts  Usually  do  not  create  sufficient 
static  charge  to  cause  concern.  Nonconductive  materials  passing 
through  or  over  rolls  also  creates  charges  of  static  electricity. 

Bonding  and  grounding  systems  should  be  checked  regularly  for 
electrical  continuity. 

In  addition  to  bonding  and  grounding,  there  are  two  other  ways      IONIZATION  AND 
that  separated  charges  of  static  electricity  can  be.  recombined  CONTROLLING 
before  sparking  potentials  build  up.  HUMIDITY 

The  surrounding  environment  can  be  ionized.  If  the  air  in  the  Ionization 
immediate  area  is  ioriized  with  a  charged  body,  a  conducting  path 
will  be  provided.  Air  can  be  ionized  by  using  high  voltage  or  radio- 
active static  eliminators. 


NO 


mCTRiCAUT 

Knttcomccnt) 
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Control  of  Humidity 


CLASSES  OF  FIRES 

CLASS  A  FIRES: 
ORDINARY  COMBUSTIBLE 
MATERIALS 


Precautions: 


Provide  Adequate  Disposal 


Provide  Regular  Inspection 

Provide  Internal  Housekeeping 
Program 


Provide  External 
Housekeeping  Program 


Dusts 


The  humidity  of  the  air  can  be  controlled.  Keeping  the  relative 
humidity  in  the  area  above  60  percent  will  condense  enough 
moisture  on  the  surface  of  the  objects  to  allow  static  charges  to 
dissipate. 

H.  • 

V 

^  / 

Up  to  this  point  we  have  been  discussing  the  causes  of  fires.  Now 
we  will  examine  the  classes  of  fires.  The  National  Fire  Protection 
Association  (NFPA)  has  defined  four  general  classifications. 

Class  A  fires,  sometimes  called  ''surface  burning  fires,"  occur  in 
ordinary  combustible  materials  (e.g.,  wood,  cellulose,  paper^  cloth, 
excelsior,  rubber).  Class  A  fires  are  extinguished  by  bringing  the 
materials  Below  their  ignition  temperature  with  the  quenching  and 
cooling  effects  of  water.  Under  certain  circumstances,  these  fires 
may  be  extinguished  by  the  blanketing  and  smothering  effects  of^ 
dry  chemical  and  carbon  dioxide  fire  extinguishers. 

Because  ordinary  combustible  materials  serve  as  fuel  for  fire, 
several  precautions  are  necessary:  / 

1.  Provide  a  program  of  adequate  disposal  of  all  combustible 
wastes  and  rubbish  designed  specifically  for  the  operations 
•or  processes  involved.  / 

2.  Provide  for  regular  inspection  of  the  waste  storage  area. 

3.  Provide  a  program  of  internal  housekeeping  which  will 
prevent  any  accumulation  of  waste  and  which  will  result 
in  safe,  clean  work  areas. 

4.  Provide  a  program  of  external  housekeeping  to  prevent 
accumulation  of  waste,  brush  or  high  grass  around  build- 
ings. * 

Several  combustible  substances  deserve  special  mention:  dusts, 
plastics,  textiles,  waste  materials  and  cleaning  supplies. 

Most  finely  divided  combustible  materials  in  air  present  a  serious 
hazard.  Sawdust  and  coal  dust  are  examples  of  combustible  cfusts, 
Deposits  of  combustible  dust  on  floors,  beams,  machines,  etc., 
are  subject  to  flash  fires,  and  dust  suspended  in  air  can  explode 
violently.  Prevention  or  removal  of  dust  accumulation  on  struc- 
tural members,  walls  and  ceilings  is  a  necessary  procedure.  Pre- 
cautions are:  ^ 
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1.  Where  possible,  provide  local  exhaust  systems  for  dust 
collection. 

2.  Provide  a  program  for  frequent  vacuum  cleaning  of  struc- 
tural members,  ceilings  and  waHs.  The  vacuum  cleaning 
equipment  should  be  explosion  proof. 

3.  Remove  or  control  the  accumulation  of  hazardous  dust  at 
all  ignition  sources. 

Burning  plastics  (e.g.,  nitrocellulose,  polystyrene,  cellulose,  rayon 
and  polyvinyl  chloride)  are  particularly  dangerous  because  tliey 
produce  large  amounts  of  smoke  and  because  their  fumes  are 
extremely  toxic.  Special  care  should  be* taken  to  keep  plastics 
away  from  ignition  sources. 

Some  textiles  (e.g.,  rayon,  cellulose  fibers,  cotton  textiles)  are 
highly  flamTnable  and  characterized  hy  a  high  rate  of  flame  spread. 
Though  flame  retardant  treatments  help  to  slow  down  flame 
spread,  such  treatments  may  be  washed  out  after  a  few  launder- 
ings.  Students  must  be  cautioned  to  keep  clothing  away  from 
ignition  sources  and,  where  necessary,  to  wear  aprons.  ^ 

Combustible  waste  materials,  such  as  oily  shop  rags  or  paint  rags, 
must  be  stored  in  covered  metal  containers  and  disposed  of  daily. 

The  materials  used  for  cleaning  also  can  create  hazards.  All  oily 
mops  'must  be  stored  in  closed  approved  metal  containers.  Com- 
bustible sweeping  compounds,  such  as  oil-treated  sawdust,  can  be 
a  fire  hazard.  Floor  coatings  containing  solvents  with  low  flash 
points  can  be  dangerous,  especially  near  sources  of  ignition. 

Class  B  fires  are  fires  in  flammable  liquids,  gases  and  greases. 
Class  B  fires  are  most  successfully  extinguished  by  limiting  the 
amount  of  air  which  supports  combustion.  Fire  extinguishers  of 
the  dry  chemical,  carbon  dioxide,  foam  and  halogenated  hydro- 
carbon agent  typ^s  are  recommended  for  this  class  of  fu:e.  Solid 
streams  of  water  are  likely  to  spread  the  fu:e,  but  under  certain 
circumstances  water  fog  nozzles  prove  effective.  4 

Flammable  liquids  are  those  with  flash  points  belov/  100°F.  Flam- 
mable liquids  are  hazardous  because'Sf  their  ease  of  ignition  (low 
flash  point),  flammable  range  and  burning  intensity.  The  degree 


Precautions: 

Provide  Local  Exhaust 
Systems 

Provide  Frequent  Vacuum 
Cleaning* 


Control  Accumulation  at 
Ignition  Sources 

Plastics 
s 


Textiles 


Combustible  Waste  Materials 


Combustible  Cleaning  Materials 


CLASS  B  FIRES: 
FLAMMABLE  LIQUIDS, 
GASES  AND  GREASgS 


Flammable  Liquids 
lOO^F  =  37.8°C 
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Combustible  taquids 
lOO^F  =  S7.8°C 


140^F  =  60°C 
200^F  =  93.3°C 


73°F  =  22.8^C 
lOO^F  =  37  8^C 


140^F  =  6C^C 


of  danger  is  determined  largely  by  the  flash  point  of  the*  liquid, 
the  concentration  of  vapors  in  the  air  and  the  possibUity  of  a 
source  of  ignition  at  or  above  a  temperature  'sufficient  to  cause 
the  mixture  to  burst  into  flame.  Flammable  liquids  vapori^  and 
form  flammable  mixtures  when  in  open  containers,  when  leaks  or 
spUls  occur  or  when  heated.  Gasoline,  ethyl  alcohol,  benzene,  tur- 
pentine and  naphtha  are  examples  of  flammable  liquids;  Fluid 
commodities  containing  flammable  liquids  (e,g*,  paints,  varnishes, 
cleaning  solutions)  should  be  considered  flammable  liquids  and 
classed  according  tatheiiash  point  of  the  mixture. 

Combustible  liquids  are  those  iiaving  flash  points  ^t  or  above' 
1'00°F.  They  are  usually  safe  to  handle  and  to  work  with  at  normal 
temperatures,  but  these  liquids  should  not  be  heated.  Lube  oils, 
kerosene,  cresols,  benzyl  alcohol,  cooking  oU,  mineral  spirits  and 
palm  oU  are  examples  of  combustible  liquids.  ,  J 

The  following  chart  classifies  some  common  products  according  to 
their  flash  points.  Though  not  indicated  on  the  chart.  Class  III 
combustibles  are  further  subdivided  into  IIIA,' those  with  flash 
points  between  140?F  and  200°F,  and-IIIB,  those  with  flash-points 
at  or  above  200°F. 

CLASSIFICATION  OF  SOME  TYPICAL  FLAMMABLE 
AND  COMBUSTIBLE  PRODUCTS 


Class  FLAMMABLES 


Flash  Point 


Boiling  Point 


Gasoline  (some) 
Pentane 

t 

Acetone 

Denatured  Alcohol 
Gasoline  (some) 
Naphtha.  VM  and  P 
Toluene 

Xylene 


.COMBUSTIBLES 
Kerosene 
Mmerai  Spirits 
Naphtha 

Stoddard  Sol.-ent 

Asphalt 
Brake  Flutd 
Fuel  Oil  No  4 
Fu£l  Oil  No  5 
Fuel  Oil  No  6 


Lower  than 
73°F 

Lower  than 
73°F 


Lower  than 
100°F 

At  or  Above 


At  or  Above 

At  or  Above 
lOO^F 


At  or  Above 
140°F 


From  Occupational  Safety  and  Health  in  Vocational 
Education  (Cincinnati:  NIOSH,  February  1979),  p.  78. 


12.16 


Fire  Protection 


Because  of  their  low  flash  point  and  low  ignition  temperatures, 
flammable  liquids  are  Uangerous  and  require  the  following  pre- 
cautions: 

L  When  possible,  avoid  the  use  of  highly  flammable  liquids 
by  using  in  their  place  nontoxic  and  nonflammable  (or  less 
*  flammable)  liquids.  For  example,  benzene  can  be  replaced 
by  toluene  in  most  lacquers,  synthetic-rubber  solutions 
and  paint  removers.  .  i 

2  Keep  flammable  liquids  in  approved  fire  resistant  safety 
containers,  never  in  glass  containers.  Keep  all  flammable 
liquids  in  closed  containers  when  not  in  use. 

3.  Limit  the  amount  of  flammable  liquids  in  the  shop  area  to 
that  neec^ed  for  one  day.  ^ 

4.  Provide  safe  operating  procedures,  including  local  exhaust 
systems,  for  all  processes. 

5.  Remove  or  control  ail  ignition  sources  such  as  static 
electricity,  smoking  and  open  flames. 

6.  Provide  for  adequate  clearances  between  flammable  liquid 
containers  or  safety  cans  and  any  heat  sources. 

7.  Provide  adequate  ventilation  for  all  operations  involving 
the  use  or  storage  of  /lammable  liquids. 

8.  Anticipate  flammable  liquid  spills  :and  provide  n[ieans  tc 
^     control  and  limit  spillage,  as  well  as  suitable  absorptive 

materials  for  use  in  cleaning  up  spills.  Clean  Up  promptly 
all  spills  of  flammable  or  combustible  liquids. 

9.  Make  sure  that  the  connections  on  all  (frums  containing 
flammable  and  combustible  liquids  are  vapor  and  heat 
tight. 

10.  Always  use  and  handle  flammable  liquids  with  extreme 
caution,  no  matter  how  familiar  they  are. 

11.  Store  large  amounts  of  flammable  liquids  in  a  separate  fire 
resistant  building  jor  vault,  which  conforms  to  the  recog- 
nized standards.  Storage  tanks  should  be  pr9perly  vented 
and  supported  by  masonry  or,  in  diked  areas,  by-  poured 
concrete  supp*o/ts. 
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Precautions: 


Avoid  Using  Highly 
Flammable  Liquids 


Keep  Flammable  Liquids  in 
Closed  Safety  Containers 


Limit  Amount  o£ Flammable 
Liquids  in  W^rk  Area 

Follow  Safe  Operating 
Procedures 

Cbntrol  Ignition  Sources 

0 

Provide  Adequate  Clearances 
Provide  Adequate  Ventilation 
Control  Spills 


ERIC 


Make  Sure  Connections 
are  Tight 


Handle  Flammable  Liquids 
with  Caution 

Store  Flammable  Liquids 
Safely 


^  KJ  \f 
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Flammable  Gases 


CLASS  C  FIRES: 
ELECTRICAL  EQUIPMENT 


CLASS  D  FIRES: 
COMBUSTIBLE  METALS 

\ 

Precautions: 

Provide  Frequent  Collection 
Keep  OU  or  Grease  Away 
Provide  Safe  Storage 


FIRE  PROTECTION 
REQUIREMENTS, FOR 
SCORING  HAZARDOUS 
MATERIALS 


STORAGE  CONTAINERS 


The  storage  of  flammable  and  combustible  liquids  is  a.  subject 
which  will  be  dealt  with  in  length  later  in  this  unit. 

The  hazards  of  flammable  gases  are  generally  the' same  as  those  of 
flammable  liquids^  except  that  commercial  gases,  are  usually  in 
compressed  gas  cylinders.  Flammable  compressed  gases  usually 
"bum  with  a  greater  intensity  than  exposed  flammable  liquids. 
Acetylene,  propane,  Hydrogen,  natural  gas  and  butane  are  exam-, 
pies  of  flammable  gases.  Their  safe  use  and  storage  will  be  dis- 
cussed in  the  unit  on  welding. 

Class  C  fires  occur  in  electrical  equipment  and  cail  for  such  non- 
conducting extinguishing  agents  as  dry  chemical,  carbon  dioxide 
and  compressed  pas.  Fire  prevention  and  protection  for  Class  C 
X^es  will  be^discussed  in  the  unit  on  electricity.  -  * 

Class  D  fires  occur  in  combustible  metals  such  as  magnesium, 
potassilim,  zirconium,  -  lithium,  sodium, .  powdered  aluminum, 
zinc  and  titanium.  Special  extinguishing  agents,  an^^  methods  are 
used,  such  as  graphite  base  types  and  sand.  Precautions  for  com- 
bustible metals  include: 

1.  Provide  for  frequent  collection  pf  combustible  pietal 
chips  and  shavings.  ^ 

2.  Prevent  any  presence  of  oil  or  grease  near  or  in  finely 
divided  particles  of  combustible  fne4als. 

3.  Provide  covered,  plainly  labeled,  clean,  dry  steel  con- 
tainers for  combustible  metal  particles  which  are  to  be 
salvaged.  Store  them  in  an  isohced  storage  yard  or  at  a 
safe  distance  from  all  buildings. 

All  four  classes  of  fires  can  and  do  occur  in  the  industrial/voca- 
tional education  shop.  Class  D  fires  are  a  particular  concern 
because*  flammable  liquids  and  hazardous  substances  are  necessary 
to  many  shop  operations.  Therefore,  special  attention  must  be 
paid  to  fire  pr6tection  requirements  for  storing  flammable  and 
combustible  materials.  In  this  section  we  will  discuss  the  require- 
mentS'for  storage  containers,  cabinets  and  rooms. 

The  National  Fire  Protection  Association  (NFPA)  publishes 
standards  which  govern  fire  protection  in  educational  institutions. 
The  NFPA  code  states  that  the  storage  of  flammable  liquids  shall 
be  linilled  to  that  required  for  maintenance,  demonstration, 
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•treatment  and  laboratory  r  -k.  The  code  establishes  the  follow- 
ing  storage  provisions  for  flammable  liquids: 

1.  No  container  for  Class  I  or  Class  II  liquids  shall  exceed  a 
•    capacity  of  one  jgallon,  except  that  safety  cans  can  be  of 

two  gallons  capacity. 

2.  Not  more  than  ten  gallons  of  Class  I  and  Class  II  liquids 
.  combined  shall  be  stored  outside  of  a  storage  cabinet  or 

storage  room',' except  in  safety  cans. 

.  Not  more  than  25  gallons  of  Class  I  and  Class  II  liquids 
combined  shall  be  stored  in  safety  cans  outside  of  a  storage 
room  or  storage  cabinet* 

4.  Not  more  than  60  gallons. of  Class ^JA'diquids  shall  be 
stored  outside  of  a  storage  rogm  oTitbrage  cabinet. 

5.  .Quantities  c  f  flammable  and  combustible  liquids  in  excess 
of  Ihose  set  forth  iji  this  section  shall  be  stored  in  an 
inside  storage  room  or  storage  cabinet. 

Special  cabmets  are  a^railable  for  storing  flammable  and  com- 
bustible liquids  in  the  school  shop.  M  such  cabinets  must.be 
clearly  labelled  "Flammable—Keep  Fire  Away." 


FIAMMABIE 
KEEPFK 
AWAY! 

.  If  - 

j  1 
1  1 

f 

1 

From  Occupational  Safety 
and  Health  in  Vocation- 
al Education  (Cincinnati: 
NIOSH.  February  1979). 
p.  79. 


{ 


According  to  the  NFPA,  storage  cabinets  must  be  designed  so  that 
the  internal  temperature  does  not  exceed  325°F  when  subjected 
to  a  ten-minute  fire  test  using  the  standard  time-temperature 
curve  specified  by  the  NFPA. 


1  gallon  =  3.8  liters 

2  gallons  =  7.6  liters 

lO.gallons  =  37.9  liters 


25  gallons  =  94.7  liters 


60  gallons  =  227.1  liters 


STORAGE  CABINETS 


325°F  =  .162.8°C 


Fire  Protection 


p.t  Metal  Cabinet 
1-1/2"  =  38  mm. 

2"  =  5  cm. 

A  * 

Wooden  Cabinets 


1."  =  2.5  cm. 


Storage  Limits 

60  gallons     227  liters 

120  gallons  =  454  liters 


Exhaust  Systems 


STORAGE  ROOMS 


4"  -  10  cm. 


For  a  metal  cabinet,  the  code  requires  that  the  bottom,  top, 
door  and  sides  be. at  least  No.  18  gauge  sheet  iron  and  double- 
walled  with  at  least  1-1/2  inch  air  space  between  the  walls.  Joints 
must  be  made  tight  by  such  effective  means  as  riveting  or  welding. 
Doors  must  have  three-point  locks,  and  the  door  sill  must  be 
raised  at  least  two  inches  above  the  bottom  of  the  cabinet.  . 

The  NFPA  code  also  allo^/s  the  use  of  wooden  cabinets  if  they 
are  properly  constructed.  Tests  indicate  that  wooden  cabinets  can 
b^  at  least  as  effective,  and  in  many  cases  better,  than  metal 
cabinets.  The  NFPA  specifies  that  a  wood  cabinet  used  for  storing 
flammable  liquids  must  have  a  bottom,  sides  and  top  constructed 
of  an  approvea  grade  of  plywood  at  least  one  inch  thick.  Joints 
must  be  rabbeted  and  fastened  in  two  directions  with  flathead 
wood  screws.  •         .      •  . 

The  NFPA  code  specifies  tliat  not  more  than  60  gallons  of  flam- 
mabie  or  120  gallons  of  combustible  liquids  may  be  stored  in  a 
storage  cabinet.  Not  more  than  three  such  cabinets  may  be  located 
in  a  single  fire  area. 

Storage  cabinets  provide  a  convenient  method  for  sbring  flam- 
mable and  toxic  chemicals  when  a  -central  storage  facility  is  not 
available.  They  are  equipped  with  locks  and  provide  excellent 
security  in  school  situaticfns.  They  also  are  equipped  with  pipe 
connections,  which  facilitate  the  connection  of  the  cabmets  to 
a. mechanical  exhaust  system.  The  cabinets  should  be  exhausted 
to  prevent  the  accumulation  of  toxic  or  explosive  chemical  vapors. 
One  manufacturer  of  storage  cabinets  for  flammable  liquids 
recommends  that  they  be  exhausted  at  a  rate,  of  twenty  cubic 
feet  per  minute  (cfm). 

Because  in  most  educational  institutions  both  flammable  and  non- 
flammable materials  will  be  stored  in  the  same  area,  storage  rooms 
should  be  built  to  conform  with  NFPA  codes  for  storage  of 
flammable  liquids.  Storage  rooms  in  the  industrial/vocational 
e'ducation  school  should  not  have  an  opening  that  communicates 
witli  the  public  portion  of  the  building.  The  NFPA  code  requires 
that; 

1.  the  floor  in  the  storage  room  be  at  least  four  inches  lower 
than  the  surrounding  floors  or  tliat  there  be  a  noncom- 
bustible,  liquid-tight  raised  sil!  or  ramp  at  least  four 
inches  high  between  the  storage  area  and  adjacent  rooms 
or  buildings 
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'2.  all  doors  be  approved,  self-closing  fire  doors 

3.   the  room  be  liquid-tight  where  the  walls  join  the  floor. 

The  following  table  shows  the  quantities  of  ilammable  liquids 
which  may  be  stored  in  rooms  of  various  sizes.  Note  that  ropms 
with  separate  fire  protection  systems  are  allowed  far  gjreater 
quantities  of  flammable  liquids. 

STORAGE  IN  INSIDE  ROOMS 


Fire 
protection^ 
provided 


Fire 
resistance 


Maximum 
size 


Total 
allowable 
quantities 
(gais./sq,  ft, 
floor  area) 


Yes.   2  hours   500  sq.  ft   10 

No   2  hours   500sq.ft   4 

Yes   1  hour   150sq.  ft   5 

No   1  hour   IBOsq.  ft   2 


•Fire  protection  system  shall  be  sprinkler,  water  spray,  carbon  dioxide,  dry  chemical, 
halon  or  other  approved  system 

Reprinted  with  permission  from  NFPA  30,  Flammable  Liquids  Code, 
National  Fire  Codes,  1979. 

!^ 

Table  10  ^nows  the  maximum  number  of  gallons  that  may  be 
stored  on  various  indoor  storage  levels.  Note  that  those  liquids 
classed  as  A,  B  and  C  all  are  flammable,  and  Class  II  and  III 
liquids  are  combustible. 

Containers  with  capacities  of  more  than  30  gallons  of  flammable 
liquid  should  not  be  stored  one  upon  the  other.  Large  c6ntainers 
should  be  stored  on  or  near  the  floor.  The  higher  shelves  should 
not  be  higher  than  an  average-sized  person  comfortably  can  reach 
while  standing  on  the  floor.  Only  smaller  containers  should  be 
stored  on  the  higher  shelves. 

OSHA  regulations  require  that  there  be  one  clear  aisle  at  least 
three  feet  wide  and  that  lights  in  the  storage  area  be  explosion- 
proof. 

The  floors  in  storage  rooms  should  be  constructed  out  of  material 
that  is  resistant  to  chemicals  and  readily  cleaned.  All  electrical 
outlets  and  equipment  must  be  well  grounded.  The  room  should 
be  kept  cool,  but  not  cold  enough  to  freeze  the  reagents  stored 
in  it. 
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500  sq.  ft.  =  4f  sq.  m. 
150  sq.  ft.  =  13.9  sq.  m. 


Containers 

30  gallons  =113.6  liters 


Aisle 

3*  =  9  m. 
Lights 

Floors 

Electrical  Outlets  and 

Equipment 

Temperature 
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Table  10 

INDOOR  CONTAINER  STORAGE 


Class  liquid 


Protected  storage 

Unprotected  storage 

Storage  level 

maximum  per  pile 

maximum  per  pile 

Gallons 

Gallons 

Ground  and  upper  floors  

2,750 

660 

(50) 

(12) 

Not  permitted 

Not  permitted 

5,500 

1,375  • 

(100) 

(25) 

Not  permitted 

Not  permitted 

16,500 

4,125 

(300) 

(75) 

Not  permitted 

Not  permitted 

Ground  and  upper  floors  

16,500 

4,125 

(300) 

(75) 

Basement  

5,500 

Not  permitted 

'(100) 

Ground  and  upper  floors  

55,000 

13,750 

(1,000) 

(250) 

8,250 

Not  permitted 

(450) 

III 


Note  1  When  2  or  more  classes  of  materials  are  stored  tn  a  Single  pile,  the  maximum  gailonage  permitted  m  that  pile  shall  be 
the  smallest  of  the  2  or  more  separate  maximum  gallonages. 

Note  2  Aisles  shall  be  provided  so  that  no  container  is  more  than  12  ft.  from  an  aisle.  Mam  aisles  shall  be  at  least  3  ft.  wide 
and  side  aisles  at  least  4  ft  wide 

Note  3  Each  pile  shall  be  separated  from  each  other  by  at  least  4  ft. 

(Numbers  in  parentheses  indicate  corresponding  number  of  55-gaL  drums.) 


From  General  Industry  OSHA  Safety  and  Health  Standards  (29  CFR 
1910. 106).  U.S.  Department  of  Labor,  November  1978,  p.  145. 


Ventilation  Systems 


30  cm. 


All  inside  storage  rooms  must  be  equipped  with  either  a  gravity 
or  a  mechanical  exhaust  system  to  remove  hazardous  vapors.  If 
flammable  liquids  are  stored,  mechanical  exhaust  ventilation 
should  be  used. 

The  exhaust  duct  should  be  located  near  the  floor  level  (one  foot 
above).  Both  the  exhaust  and  inlet  air  openings  ^^hould  be  arranged 
to  provide  air  movements  across  all  portions  of  the  floor  to  pre- 
vent accumulation  of  flammable  vapors.  The  NFPA  code  requires 
that  the  exhaust  system  be  capable  of  completely  changing  the 
air  within  the  storage  room  at  least  six  times  each  hour.  As  a 
rule  of  thumb,  the  ventilation  system  should  be  capable  of  remov- 
ing 10,000  cubic  feet  of  air  for  every  gallon  of  liquid  vaporized. 


ERLC 


12-22 


9(' 


Fire  Protection 

A.t  least  one  fire  extinguisher  having  a  rating  of  at  least  12-B  units 
must  be  located  outside  of,  but  not  more  than  ten  feet  from,  the 
door  opening  into  any  room  used  for  storage.  Where  flammable 
and  combustible  liquids  are  stored  outside  of  a  storage  room  but 
still  inside  a  building,  at  least  one  portable  fire  extinguisher  with 
a  rating  of  at  least  12-B  units  must  be  located  not  less  than  ten 
feet  or  more  than  25  feet  from  the  storage  area. 

Fire  Extinguisher 
10'  -3  m. 

25'  -  7.6  m. 

Open  flames  and  smoking  must  not  be  permitted  in  flammable  or 
combustible  liquid  storage  areas. 

Both  storage  cabinets  and  storage  rooms  must  provide  for  two 
other  considerations  related  directly  to  fire  protection,  security 
and  chemical  exposure  protection. 

In  addition  to  locking  cabinets  and  storage  rooms,  security  re- 
quires that  a  system  be  devised  which  accounts  carefully  for 
hazardous  materials.  Not  only  must  such  a  system  provide  an 
invljntory  for  items  in  storage,  but  also  instructors  mu^  keep  a 
record  of 

Security 

•    what  materials  were  removed 

•    by  whom 

•    for  what  purpose 

0    at  what  time. 

Careful  recordkeeping  is  mandatory,  both  for  fire  protection  and 
as  part  of  the  broader  shop  safety  and  health  program. 

Controlling  what  chemicals  are  stored  and  how  they  are  stored 
will  result  in  chemical  exposure  protection. 

Chemical  Exposure  Protection 

Some  chemicals  are  incompatible  and  may  form  a  violent  reaction 
if  they  come  into  contact  with  one  another.  For  example,  strong 
oxidizing  materials  should  not  be  stored  next  to  organic  materials, 
and  flammable  solvents  should  not  be  stored  next  to  acids.  This 
does  not  mean  that  incompatible  materials  have  to  be  stored  in 
another  room  or  cabinet.  They  can  be  stored  on  another  shelf 
or  on  the  other  side  of  the  room.  The  appendix  to  this  unit  lists 
some  examples  of  incompatible  chemicals. 
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OUTDOOR  STORAGE 


Gasoline  Storage 


Ventilation  is  an  important  part  of  chemical  exposure  protection 
and,  as  stated  above,  is  required  in  storage  rooms  and  cabinets. 

If  flammable  and  combustible  liquids  are  stored  outside,  the  area 
should  be  graded  to  divert  possible  spills  away  from  buildings.  The 
storage  area  should  be  kept  free  of  debris  and  weeds  and  protected 
from  tampering  or  trespassing.  Smoki^  g  niust  be  prohibited.  Table 
11  sh|)ws  the  limits  on  ovX^^i  contained  storage. 

Special  reg'.ilations  apply  to  outdoor  gasoline  storage.  Instructors 
will  need  to  contact  appropriate  local  and  state  authorities  to  see 
'^under  what  conditions,  if  any,  storage  in  excess  of  60  gallons  is 
permitted.  / 


Table  1 1 


OUTDOOR  CONTAINER  STORAGE 


1                               2                         2                            4  .        •  ,  5 

Maximum                                             Distance  to  '  Distance  to 

Class                         per  pile            Distance  between          property  line  that  street,  alleV 

(see  note  1 )          pil{:s  (see  note  2)          can  be  built  upon  public  way 

(see  notes  3  and  4)  (see  note  4) 


gal.  ft.  ft.  ft. 

IA                                         1,100  5  20  '10 

IB                                          2,200  5  20  *  10 

iC                                         4,400  5  20  10 

II                                          8,800  5  10  ■  5 

III                                        22.000  5  10  5 


Note  1  When  2  or  more  classes  of  materials  are  stored  »n  a  signle  pik,  the  maximum  gallonage  in  that  pile  shall  be  the  smallest 
of  the  2  or  more  sepparate  gallonages. 

Note  2  Within  200  ft.  of  each  container,  there  shall  be  a  12-ft.  wide  access  way  to  permit  approach  of  fire  control  apparatus 

Note  3.  The  distdtices  listed  apply  to  properties  that  have  protection  for  exposures  as  defined.  If  there  are  exposures,  and  such 
protection  for  expo$ures*does  not  exist,  the  distances  in  column  4  shall  be  doubted. 

Note  4  When  total  quantity  stored  does  not  exceed  40  percent  of  maximum  per  pile,  the  distances  in  columns  4  and  5  may  be 
reduced  50  percent,  but  not  less  than  3  ft. 


1,100 gallons*  4,164  liters 
2,200  gallons  »  8,328  liters 
4.400  gallons  16,656  liters 
8,800  gallons  -  33,312  liters 
22,000  gallons  «  83,279  liters 

200' ==61  m. 
12'^3.7  m. 
3'  '  9  m. 


1.5  m. 


20'  "^6  m. 
10'    3  m. 


10' 
5' 


■  3  m. 
1.5n 


From  General  Industry  OS  HA  Safety  and  Health  Standards  (29  CFR 
1910. 106),  U.S.  Department  o^  Labor.  November  1978.  p.  146. 
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Should  a  fire  occur  in  the  school  shop,  its  spread  must  be  limited 
if- its  potential  for  damage  is  to  be  reduced.  Several  structural 
devices  help  rftard  the  spread  of  fire.  * 

A  fire  ^vall  is  made  of  noncombustible  materials,  usually  brick  or 
block,  which  will  not  burn  through  nor  conduct  enough  heat 
through  the  wall  to  start  a  fire  on  the  other  side.  The  length  of 
time  a  fire  wall  will  resist  fire  spread  may  vary  from  one  hour  to 
four  hours,  depending  on  the  type  of  construction.  Because  it  is 
usually  self-supporting,  a  fire  wall  will  remain  standing  even  after 
the  building  collapses.  Properly  used,  fire  walls  divide  a  building 
into  separate.fire  areas. 

Although  they  are  necessary  openuigs  in  a  fire  wall,  fire  doors 
do  not  offer  the  protection  of  a  solid  fire  wall  arid  should  be  held 
to  a  minimum.  Standard  fire  doors  may  be  clad  in  steel  or  sheet 
metal  with  wooden  or  noncombustible  cores,  or  they  may  be 
hollow  metal  doors.  The  length  of  time  each  door  will  protect  an 
opening  varies  from  45  minutes  to  three  hours  under  standard 
testing  methods.  All  fire  doors  should  be  hung  in  noncombustible 
frames.  The  three  most  common  kinds  of  fire  doors  are  swinging, 
horizontal  sliding  and  vertical  sliding. 

Fire  doors  should  not  be  hooked  in  the  open  position.  This  prac- 
tice destroys  the  protective  function  of  the  fire  door. 

Air  ducts  can  be  a  means  of  conveying  hot  fire  gases  and  smoke 
throughout  a  building..  To  prevent  this,  fire  dampers  should  be 
installed  in  all  ducts  that  penetrate  fire  walls  and  in  branch  lines  to 
other  fire  areas.  A  detection  system  should  be  used  to  stop  all  fans 
operating  in  the  duct  work  when  smoke  or  high  temperatures  are 
detected.  Fire  dampers  and  detection  systems  should  be  installed 
in  accordance  with  recognized  NFPA  standards. 

An  adequate  fire  detector  and/or  suppression  $ystem  is  one  of  the 
best  investments^  a  school  can  make.  Once  installed,  it  must  be 
supervised  by  a  qualified  individual  anfl  tested  and  inspected 
regularly.  A  good  system  will  provide: 

1.  detection  devices  in  all  hazardous  and  concealed  areas, 
to  detect  fire  automatically  and  sound  the  alarm 

2.  manual  trip  boxes  at  all  exits  and  other  appropriate 
locations  ^ 


LIMITING  FIRE  SPREAD^ 


Fire  Walls 


Fire  Doors 


Fire  Dampers 


FIRE  PROTECTION 
SYSTEM 
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FIRE  DETECTION 
DEVICES^ 


Ionization  Detectors 


Photoelectric  Detectors 


Infrared  Detectors 


3.  horns  or  bells  throughout  the  building  to  sound  the 
alarm 

4.  alarm  signals  which  give  the  location  of^e  fire  and  are 
transmitted  automatically  to  fire  departmeht  alarm  head- 
quarters or  to  a  central  control  station  whiciKrelays  the 
alarm  to  the  fire  department 

i  •  ' . 

5.  a  water-flow  alarm  which  sounds  when  the  automatic 
sprinkler  system  is  attivated 

6.  an  automatic  sprinkler  system  supplemented  where  neces- 
sary by  special  systems  to.  control  specific  hazards 

7.  portable  fire  extinguishers  to  act  as  a  first  line  of  defense 

8.  a  regular  inspection  and  maintenance  program  to  keep  the 
system  in  proper  operating  condition. 

Fire  detection  devices  are  of  four  main  kinds.  Each  detects  fire  at 
a  distinct  stage. 

*  1.  ionization— incipient  stage 

2.  photoelectric— smoldering  stage 

3.  infrared— flame  stage 

4.  thermal— heat  stage. 

Ionization  detectors  respond  to  the  combustion  particles  produced 
in  the  incipient  stage.  These  particles,  too  small  to  be  visible,  are 
created  by  chemical  decomposition  and  are  generated  before 
^moke  or  flame  is  visible  and  before  significant  heat  develops. 
When  the  combustion  particles  rise  to  the  ceiling,  the  ionization 
detector  sounds  an  alarm. 

When  the  fire  goes  beyond  the  incipient  to  the  smoldering  stage, 
the  combustion  particles  increase  in  number  and  become  visible 
as  smoke.  Photoelectric  detectors  (commonly  called  smoke  de- 
tectors) respond  to  this  smoke,  sound  the  alarm  and  shut  off  air 
flow  in  ducts. 

As  the  smoldering  stage  continues,  the  point  of  ignition  occurs 
and  flames  start.  The  fire  has  now  progressed  to  the  third  stage, 
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the  flame  stage,  where  the  smoke  level  decreases  and  the  heat 
level  increases.  Infrared  detectors  pick  up  the  infrared  energy 
which  is  produced. 

At  the  final  stage,  the  heat  stage,  large  amounts  of  heat,  flame, 
smoke  and  toxic  gases  are  produced.  Thermal  detectors  respond  to 
this  heat  energy.  There  are  two  general  types  of  thermal  detectors: 
fixed  temperature  devices  and  rate  of  rise  detectors. 

Thermostats  are  the  most  frequently  used  fixed  temperature 
detectors.  The  bimetallic  thermostat  utUizes  the  difference  in 
coefficients  of  thermal  expansion  of  two  metals,  which  laminate 
into  a  single  strip  that  bends  when  heated,  closing  the  electrical 
contacts. 

•In  the  rate  of  rise  system,  a  rapid  rise  in  temperature  heats  the  air 
in  a  tubing  system  or  air  chamber.  This  rise  in  pressure  trips  the 
device  and  sounds  the  alarm.  If  the  temper::ture  rises  slowly,  the 
pressure  bleeds  off  through  a  compensating  port.  , 

After  a  fire  is  detected,  it  must  be  extinguished.  Automatic  sprink- 
ler? are  the  most  versatile  and  dependable  form  of  fire  protection 
available.  Since^their  initial  use  in  industrial  plants  ardomd  1850, 
they  have  been  refined  and  improved  so  that  most  fire  protection 
engineers  consider  them  the  most  important  fire  fighting  equip- 
ment. 

A  sprinkler  system  is  an  integrated  system  of  underground  and 
overhead  piping  which  includes  a  suitable  water  supply,  a  control- 
ling valve  and  a  device  for  actuating  an  alarm  when  the  system  is 
in  operation.  It  is  usually  activated  by  heat  from  a  fire  and  dis- 
charges water  over  the  fire  area.  In  Standard  13  of  the  National 
Fire  Code,  the  NFPA  defines  five  systems,  of  which  only  two  are 
likely  to  be  used  in  the  industrial/vocational  education  shop. 

According  to  the  NFPA,  wet-pipe  is  "a  system  employing  auto- 
matic sprinklers  attached  to  a  piping  system  containing  water  and 
connected  to  a  water  supply  so  that  water  discharges  immedi- 
ately from  sprinklers  opened  by  a  fire.''  Antifreeze  is  necessary  if 
portions  of  the  system  are  subjected  to  freezing  temperatures. 

The  dry-pipe  system  is  defined  as  one  "employing  sprinklers  at- 
tached to  a  piping  system  containing  air  or  nitrogen  under  pres- 
sure, the  release  of  which  as  from  the  opening  <of  sprinklers  : 


Thermal  Detectors 


AUTOMATIC  SPRINKLER 
SYSTEMS 


Sprinkler 


Wet- Pipe  System 


Dry- Pipe  System 
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Temperature  Ratings 


135-170^  =  57.2-76.6'C 
100^F  =  37.7^C 
175-225^F  =  79.4-107.2°C 
150^^  =  65.6^C 
250-  300^F=  121.1-K'a8®C 
325-375^F  =  162.7-190.5^0 
40O-475^F  =  204.4-246.1"C 
50O-575°F  =  260°-301.7°C 


Maintenance 


permits  the  water  pressure  to  open  a  valve  known  as  the  *dry-pipe 
valve.'  The  water  then  flows  into  the  piping  system  and  out  the 
opened  sprinklers."      ^  * 

Because  it  is  slower  to  put  water  on  the  fire,  the  dry-pipe  system 
should  be  installed  only  where  a  wet-pipe  system  is  not  practical 
(for  example,  in  rooms  or  buildings  which  cannot  be  properly 
heated).  However,  an  approved  dry-pipe  system  is  far  preferable  to 
shutting  off  the  water  supply  entirely  during  cold  weather. 

Sprinklers  should  be  selected  on  the  basis  of  occupancy  and  tem- 
perature rating.  Ratings  are  based  on  standardized  tests  in  which  a 
sprinkler  head  is  immersed  in  a  liquid  the  temperature  of  which  is 
raised  until  the  head  operates.  The  maximum  room  temperature  at 
ceiling  level  under  normal  working  conditions  determines  the 
sprinkler  head  rating  to  use. 


Maximum 

Operating  Ceiling 
Rating  Temperature  |F)  Color  Temperature  (F) 


Ordinary 

Intermediate 

High 

Extra  high 
Very  extra  high 
Ultra  high 


135-170 
175-225 
250-300 
325-375 
400-475 
500-575 


uncolored 
white* 
blue 
J'ed 
green 
orange 


100, 

150 

225 

300 

375 

475 


•The  135" F  sprinklers  of  some  manufacturers  are  half  black  and  half  uncolored.  The 
1 75°F  sprinklers  of  the  same  manufacturers  are  yellow. 

Reprinted  with  permission  from  NFPA  13,  Sprinkler  Systems,  National 
Fire  Codes,  1979. 


Dependable  sprinkler  protection  requires  systematic  maintenance 
and  inspection.  NFPA  13A,  Care  and  Maintenance  of  Sprinkler 
Systems,  gives  specific  maintenance  requirements,  including 
inspection  of  control  valves,  testing  water  flow  and  reading  water 
and  air  pressure  gauges.  Because  35  percent  of  all  sprinkler  system 
failures  are  caused  by  closed  valves,  it  Is  imperative  that  control- 
ling valves  be  kept  open  and  water  supplies  maintained  in  sen'  ce. 

The  local  fire  department  should  be  familiar  with  the  automatic 
sprinkler  equipment:  its  location,  the  arrangement  of  control 
valves,  connections  for  fire  department  use  and  the  extent  of 
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protection  the  system  offers.  Such  thorough  knowledge  can  save 
precious  minutes  and  prevent  faulty  use  in  the  event  of  a  fire. 

In  addition  and  as  a  supplement  to  automatic  sprinkler  systems, 
there  are  several  methods  of  fire  control  which  can  be  installed  to 
control  specific  hazards.  In  the  .industrial/vocational  education 
setting  these  methods  would  be  installed  where  water  is  i^t  an 
acceptable  extinguishing  agent. 

NFPA  II,  Standard  for  Foam  Extinguishing  Systems,  defines  foam 
as  an  "aggregate  of  tiny  gas-filled  or  air-filled  bubbles,  lighter  than 
the  lightest  oils.*'  When  applied,  it  forms  "a  coherent  floating 
blanket  on  flammable  and  combustible  liquids  lighter  than  water 
and  prevents  or  extinguishes  fire  by  excluding  air  and  cooling  the 
fuel."  It  is  used  primarily  for  the  protection  of  flammable  liquid 
storage  areas  and  tariks.  The  air  (mechanical)  foam  has  replaced 
chemical  foam,  whidh  is  now  considered  obsolete.  It  consists  of 
bubbles  of  ^r  produced  when  air  and  water  are  mechanically 
agitated  with  a  f^^i-making  agent. 
/ 

According  to  NFPA  17,  Dry  Chemical  Extinguishing  Systems, 
dry  chemical  is  a  '-finely  divided  powder,  usually  sodium  bi- 
carbonate, with  additives  to  prevent  caking  and  to  increase  flow- 
ability."  It  is  widely  used  to  extinguish  the  rapidly  spreading 
surface  of  fire  typical  of  flammable  liquids.  Because  it  is  electric- 
ally nonconducting,  it  is  often  used  on  fires  involving  electrically 
energized  equipment.  It  also  can  be  used  on  ordinary  combustibles 
when  the  fire  is  of  a  surface  nature  and  where  rapid  flame  knock- 
down is  useful 


SPECIAL  SYSTEMS 


Foam 


Dry  Chemical 


Carbon  dioxide  (CO2)  is  a  colorless,  odorless,  electrically  non- 
conductive  inert  gas  which  ^'extinguishes  fir  by  reducing  the 
concentration  of  oxygen  and/or  the  gaseous  pnase  of  the  fuel  in 
the  air  to  the  point  where  combustion  stops"  (NFFa  12,  Carbon 
Dioride  Extinguishing  Systems).  It  is  used  to  protect  gaseous  and 
liquid  flammable  processes  and  materials,  engines  using  gasoline 
and  other  flammable  fuels,  electrical  equinment,  ordinary  com- 
bustibles and  hazardous  solids.  Because  the  CO2  concentration 
dilutes  the  oxygen  in  the  air,  this  system  may  create  an  atmo- 
sphere that  will  not  sustain  life.  The  area  must  be  thoroughly 
ventilated  after  the  fire  is  extinguished. 

Water  spray  systems  use  what  is  called  wet  water,  water  to  which 
an  approved  wetting  agent  has  been  added,  discharged  from  a 
device  capable  of  separating  the  water  >nto  spray.  Adding  a 


Carbon  Dioxide 


Water  Spray 
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PORTABLE  FIRE 
EXTINGUISHERS^ 


TYPES  OF  PORTABLE 
FIRE  EXTINGUISHERS 


1.  Water  Types 


wetting  agent  reduces  the  surface  tension  of  the  water  and  in- 
creases its  penetrating,  spreading  and/or  its  emulsifying  ability. 
According  to  NFPA  15,  Water  Spray  Systems,  such  systems  are 
particularly  effective  on  fires  involving  flammable  liquids,  com- 
bustible solids  and  electrical  equipment 

Portable  fire  extinguishers  are  the  first  line  of  defense  in  coping 
with  fires  of  limited  size.  They  are  needed  in  the  industrial/ 
vocational  education  setting  even  when  the  shop  is  equipped 
with  automatic  sprinklers  or  other  fixed  protection  devices.  The 
National  Safety  Council  lists  six  requirements  for  effective 
portable  extinguishers^  They  must  be: 

1.  a  reliable  type 

2.  the  right  type  .for  each  class  of  fire  that  may  occur  in  the 
area 

3.  in  sufficient  quantity  to  protect  against  the  exposure  in 
the  area 

4.  located  where  they  are  readily  accessible  for  immediate  use 

5.  maintained  in  perfect  operating  condition,  inspected 
frequently,  checked  against  tampering  and  recharged  as 
required 

6.  operable  by  the  persons  who  ar/  in  the  area,  who  can  find 
them  and  who  are  trained  to  use  them  effectively  and 
promptly.      '  / 

y 

Portable  fire  extinguishers  can  be  divided  into  three  basic  cate- 
gories: water,  gaseous  and  dry  chemical.  A  dry  powder  type  is 
available  for  Class  D  fires.  Units  are  classified  with  a  letter  desig- 
nation—A, b,  C  or  D  or  a  combination— to  show  which  classes  of 
fire  they  can  combat  effectively  (see  Figure  26).  Class  A  and  B 
units  also  have  a  numerical  rating  that  indicates  their  approxi- 
mate extinguishing  potential.  Table  13  in  the  Appendix  contains 
a  complete  list  of  extinguisher  characteristics:  extinguishing  agents, 
method  of  operation,  capacity,  etc, 

Perhaps  thj  most  common  portable  fire  txtinguisher  is  the  2-1/2 
gallon  pressurized  water  unit,  recommended  for  Class  A  hazards. 
This  unit  requires  little  skill  to  operate  and  has  a  long  discharge, 
time— usually  about  one  minute--^o  that  the  inexperienced  user 
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Class 

of 

firt 


A/B 


B/C 


Water  types 


Type 

of 

unit 


STORED 
PRESSURE 


PUMP 
TANK 


AFFF 
Foam 

STORED 
PRESSURE 


Carbon 
dioxide 

SELF  ' 
EXPELLING 


Sizes 
available 


2  . 
Gol 


2'j  and 
5Gdl 


2V, 
Gal 


5-20  Ih 


Dry  chem:cal 
types 


STORED 
PRESSURE 


2:,.30  lb 


Approximate 

horizontal 

rano* 


30  to 
*Oft 


30  to 
40  U 


70  to 
25  ft 


3-8  U 


10.15  ft. 


Approximate 
discharge 
time  .  ' 


1 

Mm 


1  to 
3  Mm 


50 
Sec 


8-15  Sec 


8-25  Sec 


8  to 
18  Sec 


Prot«ctioA  required  rteJOw  40  F 


A/B/C 


Multipurpose 
dry  chemical 


STORED 
PRESSURE 


2%  30 


1015  *t 


8  25  Sec 


CARTRIDGE 
OPERATED 


5  30lh 


10  20  ft 


8  25  Sec 


Halo  . 
J211 

STORED 
PRESSURE 


9  to 
22  lb 


14  to 
16  ft 


10  to 
18  Sec 


Dry 

powder 

CARTRIDGE 
OPERATED 


Ordinary  Combustibles 
A\         Flies  in  paper,  wood,  trnsh,  or  cloth 


Flammable  LiqiMds 

Fjres  m  fuel  oi),  (jasolme.  p«jmt,  qreo:^  .  solveniS, 
and  other  flapim^hle  liquids 

'Note  Only  dry  chemicals  are  effective  on  fire^ 
involving  pressurized  ftammahle  qascs 
and  liquids 


Electrical  Equipment 
'  Fires  m  winnq.  overheaied  fuse  boxes  con 


5^ 


ductors,  and  rther  plectnc.il  sources 


Metals 

Certain  mpi.jls  such  as  m«jqnesium  .in(l  sodium 
rwjijire  speci«jl  (iry  powcir*?  extmquishants 


301b 


5  ft 


20  Sec 


Reprinted  with  permission  from  "Selecting,  Maintaining  and  Using 
Portable  Pire  Extinguishers"  by  Jeanine  A.  Katzef,  Plant  Engineering 
*(March  8.  1979),  pp.  94-95. 

Figure  26 
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SOME  MAJOR  TYPES  OF  PORTABLE  FIRE  EXTINGUISHERS 


PULL  PIN 


NOZZLE 


OPERATING 
LEVER 


EXPELLANT 
I      GAS  (AIR) 


LIQUID  CO. 
CHARGE  -L. 


SIPHON 
TUBE 


WATER-STORED  PRESSURE 


CARBON  OlOXIDE 


PULL  PIN 


OPERATING  NOZZLE 
LEVER 

PRESSURE 
GAUGE 


EXPELLANT 
GAS 


DRY 

CHEMICAL 


DISCHARGE  GAS 
TUBE  TUBE 


NOZZLE 


DRY  CHEMICAL-STORED  PRESSURE 


OUTLET 
ELBOW 


DRY  CHEMICAL-CARTRIDGE 


Among  the  major  types  of  portable  fire  extinguishers  are  (A)  the 
stored-pressure  water  unit  (B)  the  carbon  dioxide  unit,  (C)  the  stored- 
pressure  dry-chemical  unit,  and  (D)  the  cartridge-operated  dry-chemical 
unit.  The  internal  parts  of  each  type  are  shown  and  labelled. 
Reprinted  with  permission  from  "Selecting,  Maintaining  and  Using 
Portable  Fire  Extinguishers"  by  Jeanine  A.  Katzel,  P/dnt  Engineering 
(March  8,  1979),  p.  94. 

Figure  27 
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has  more  time  to  fight  a  fire.  It  makes  little  noise  and  creates  no 
clouds  as  do  gaseous  or  dry  chemical  units.  Water  units  are  avail- 
able in  either  stored-pressure  or  pump-tank  models  (see  Figure  27). 

Stored-pressure  units  have  a  pressure  gauge  at  the  top.  Tne  entire 
main  tank  is  pressurized  with  dry  air  or  nitrogen.  Although  anti- 
freeze can  be  added  to  water  units,  only  the  manufacturer's 
recommended  solution  should  be  used.  As  a  rule,  water  units  must 
be  protected  from  temperatures  below  40°F.  Therefore,  they  are 
limited  to  indoor  heated  locations. 

Pump-tank  water  units  are  not  so  common,  but  are  effective. 
These  units  have  a  double-action  pump  that  pushes  water  out  as 
the  operator  pumps  a  plunger.  They  are  not  internally  pressurized. 

A  third  water-base  portable  unit  is  available.  It  is  filled  with  aque- 
ous film-forming  foam  (AFFF).  These  2.1/2.gallon  stored-pressure 
units  are  unique  because  they  are  the  only  water-based  portable 
units  effective  on  Class  A  and  B  (flammable  liquids)  I  Their 
primary  ingredient  is  water,  to  whic^i  a  foaming  agent  is  added  to 
form  a  premixed  solution.  The  agent  is  effective  on  ordinary  com- 
bustibles and  flammable  liquids,  but  the  water  base  makes  it  a 
conductor  of  electricity.  Therefore,  these  units  are  not  suitable  for 
Class  C  (electrical)  fires,  I 

There  are  two  kinds  of  gaseous-agent  portable  extinguishers: 
carbon  dioxide  and  halogenated  hydrocarbon  (Halon  1211  and 
1301).  Such  extinguishers  are  especially  effective  on 

1.  gas  and  liquid  flammable  materials 

2.  \  electrical  hazards  (e.g.,  transformers,  circuit  breakers) 

3.  engines  utilizing  gasoline  and  other  flammable  fluids 

4.  ordinary  combustibles  (e.g.,  paper,  wood,  textiles) 

5.  hazardous  solids. 

Because  gaseous  agents  leave  no  residue  and  dissipate  readily, 
these  exfinguishers  are  used  to  protect  costly  equipment,  especial- 
ly in  printing  and  duplicating  areas.  They  are  ideal  for  use  on 
small  electrical  fires  and  on  fires  in  switchgear  or  electrical  motors. 


Sto red-Pressure  Units 

40°F  =  4°C 
Pump-Tank  Units  ' 

2.  Aqueous  Film-Forming 
Foam  Type 

3.  Gaseousr Agent  Types 
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Carbon  Dioxide  Units 
5-20  lbs.  =  2-1/2-9  kg. 


Halogenated  Units 


4.  Dry  Chemical  Types 


Stored'Pressure  Units 


Cartridge-Operated  Units 


ERIC 


Portable  carbon  dioxide  extinguishers  are  available  in  five-  to 
twenty-pound  sizes  and  may  be  recognized  by  their  large,  cone- 
shaped  discharge  horns.  CO2  gas  is  self-expelling,  and  these  units 
are  very  effective  on  Class  B  anc*  C  fires.  CO2  portable  extinguish- 
ers have  two  major  disadvantages. 

1.  The  discharge  is  affected  by  wind  and  draft  so  that  these 
units  should  be  used  only  indoors  and  at  close  range. 

2.  The  dilution  of  the  oxygen  in  the  air  by  the  CO2  concen- 
tration can  create  atmospheres  that  will  not  sustain  life. 
Thorough  ventilation  is  necessary  after  their  Use. 

Hat^genated  extinguishers  are  among  the  newest  portable  units  to 
be  introduced.  They  are  stored-pressure  models  and  are  most 
effective  on  Class  B  and  C  hazards.  Larger  units  (those  with, 
more  than  nine  pounds  of  agent)  are  rated  for  Class' A  fires  ^  well. 
The  major  drawback  of  Halon  portable  extinguishers  is  cost. 
Although  they  are  extremely  effective  and  clean  to  use,  they  are  • 
perhaps  the  most  expensive  units  on  the  market. 

Dry  chemical  units  are  designed  for  use  on  Class  B  and  C  fires. 
The  notable  exception  is  the  multipurpose  dry  chemical  (mono- 
ammonium  phosphate),  which  is  effective  on  all  three  major 
classes  of  fires.  These  extinguishers  are  available  in  either  stored- 
pressure  or  cartridge-operated  units. 

In  the  stored-pressure  unit,  an  expellant  (usually  dry  nitrogen, 
an  inert  gas)  and  extinguishing  agent  are  stored  in  one  chamber; 
discharge  is  controlled  by  a  valve.  A  pressure  gauge  at  the  top  of 
the  unit  indicates  readiness  for  use.  Normally,  pressure,  ranges 
from  100  to  195  psig. 

In  cartridge-operated  units,  the  expellant  gas  is  stored  in  an  auxil- 
iary cartridge  a'djacent  to  the  agent-containing  shell.  The  unit  is 
not  pressurized  until  the  cartridge  is  punctured.  These  units  have 
no  pressure  gauge  and  must  be  '  ^eighed  to  de^c^rmine  their  readi- 
ness for  use.  It  is  easier  to  recharge  a  cartridge  unit  than  a  stored- 
pressure  unit,  but  the  stored-pressure  unit  is  more  widely  used. 
It  is  best  for  locations  where  infrequent  use  is  anticipated  and 
whe^-e  skilled  personnel  with  professional  recharge  equipment 
are  available. 

Though  both  regular  and  multipurpose  dry  chemical  units  are 
very  effective  fire  fighters,  duration  time  is  short  and  {he  units 
are  among  the  most  sensitive  to  operator  error. 
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The  major  disadvantage  to  the  multipurpose  dry  chemical  extin- 
guisher is  that  it  clings  to  hot  surfaces  and  forms  a  sticky  film. 
Cleanup  is  difficult.  Therefore,  this  type  of  unit  should  not  be 
locates  near  delicate  equipment  or  machinery  that  cannot  be 
cleaned  quickly  and  easily.  If  metal  surfaces  do  become  coated 
with  monoammonium  phosphate,  they  should  be  wiped  with  a 
wet  cloth  and  dried  as  soon  as  possible  to  prevent  rust  or  corro- 
sion.  Although  regular  dry  chemical  does  not  adhere  to  hot  sur- 
faces, it  does  leave  a  residue  and  should  be  brushed  away  as  soon 
as  possible  after  use. 

Cartridge-operated  portable  units  containing  dry  powder  for  use 
'  on  Class  D  fires  are  available,  but  combustible  metal  fires  present 
special  problems.  Each  metal  has  distinctive  burning  character- 
istics that  must  be  known  before  the  fire  can  be  combatted 
effectively.  Dry  powder  frequently  is  stored  in  a  bucket  with  a 
shovel,  in  the  vicinity  of  the  combustible  metal  hazard-  Should  a 
fire  occur,  the  burning  metal  must  be  covered  with  a  layer  of 
powder  at  least  two  inches  deep.  The  National  Safety  Council's 
Data  Sheet  1-567-79,  Fire  Protection  for  Combustible  Metals, 
is  an  excellent  source  for  further  information. 

Some  older  fire  extinguishers  still  in  use  today  are  considered 
unacceptable  and  unsafe  (see  Table  12).  Obsolete  models  should 
be  removed.  All  inverting-type  extinguishers  should  be  replaced. 


Multipurpose  Dr>  Chemical 
Extinguisher 


5.  Dry  Powder 


OBSOLETE  FIRE 
EXTINGUISHERS 


Table  :2 

N.ON.ACCEPTABLE  AND  OBSOLETE  TYPES 


Nop  Acceptable  Types 

ID  Stof»*s  Pressure  Water  and/or  Antifreeze-.Brass 
or  fiberglass  shells 

(2)  Dry  chemical  (over  27?  lb.  capacjly}-.Brass  shells 

(3)  Soda  acid-Brass  or  copper  shells 

(4)  Foam -Brsss  or  copper  shells 

(5)  Cartridge-Operated  Water-Brass  or  copper  shells 

(6)  Cartridge-Operated    Loaded   Stream-Brass  or 
copper  rhells 


Obsolete  Models 

Soda-acid,  foam,  and  cartndge-operaied  water  i»'pes 
(including  antifreeze  and  loaded  stream)  with  stain- 
less steel  shells  are  recommended  to  be  replaced 
because, 

(1)  Parts  are  not  longer  available;  substitute  parts 
should  NEVER  bemused  as  they  may  create  a 
serious  danger, 

(2)  Method  of  operation  is  very  difficult;  does  not 
have  control  valve  for  on-and-off  operation. 

(3)  Listing  Approval  has  been  withdrawn  by  Under- 
writers  Laboratories,  Inc.  (UL)  and  by  Factory 
Mutual  (FM). 


Reprinted  with  permission  from  "Selecting,  Maintaining  and  Using 
Portable  Fire  Extinquishers"  by  Jeanine  A  Kalzel,  Plant  Engineerino 
(March  8,  1979).  p  95. 
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Inverting-Type 


Units  with  Brass  or  Copper 
SheUs 


Dry  Chemical  Units  with 
Brass  or  Fiberglass  Shells 


Stored-Pressure  Units  with 
Fiberglass  Shells 


UNIT  PLACEMENT 


Accessibility 


Because  these  units  are  no  longer  manufactured,  suitable  replace- 
ment parts  are  not  available.  These  2-1/2-gallon  units,  including 
soda-acid,  foam,  cartridge-operated  water  and  cartridge-opeyated 
loaded  stream  types,  are  no  longer  listed  by  UL  or  approved  by 
Factory  Mutual, 

Of  these  units,  those  with  brass  or  copper  shells  are  considered 
dangerous.  The  NFPA  Committee  on  Portable  Fire  Extinguishers 
has  determined  that  the  reliability  and  safety  of  extinguishers  with 
copper  and  brass  shells  cannot  be  ascertained  by  standard  hydro- 
static test  methods.  Stored-pressure  water  types  with  brass  shells 
are  subject  to  "creep."  The  bottom  of  the  unit  is  soft  soldered, 
and  may  blow  out  when  the  unit  is  used. 

Dry  chemical  units  with  brass  or  fiberglass  shells  are  also  consid- 
ered unsafe.  The  shells,  ^vhich  are  almost  identical  to  those  of  the 
discontinued  inverting  types,  are  susceptible  to  extensive  corrosion 
and  have  an  unacceptably  high  failure  rate  during  hydrostatic 
testing.  Some  units  have  explodt-d. 

Stored-pressure  units  with  fiberglass  shells  tend  to  rupture  upon 
recharge.  However,  all  of  these  units  have  been  recalled  by  the 
manufacturer.  Any  that  may  remain  should  be  taken  out  of  service 
immediately.  Withstanding  a  hydrotest  is  no  assurance  that  the 
unit  is  safe;  the  test  may  weaken  the  fiber  structure,  causing  the 
unit  to  explode  during  use. 

If  there  is  doubt  about  the  safety  or  reliability  of  a  unit,  it  should 
be  removed  from  service  and  the  distributor,  manufacturer  or 
NFPA  should  be  consulted. 

Becoming  familiar  with  the  khad^of  units  that  are  available  is 
only  the  first  step  in  understanding  portable  fire  extinguishers. 
Placing  the  proper  units  in  areas  where  they  will  be  the  most 
useful  is  also  critical.  Some  of  the  factors  to  be  considered  are 
accecsibility,  visibility,  ease  of  handling  and  appropriateness  to 
the  location.  ^ 

Extinguishers  should  be  located  close  to  likely  hazards  but  not  so 
close  that  they  would  be  damaged  by  fire  or  be  inaccessible  if 
fire  occurs.  For  example,  extinguishers  should  be  located  outside 
the  door  of  a  storage  room  rather  than  within  the  room  itself, 
where  they  might  become  inaccessible.  If  the  hazard  is  a  dip  tank, 
the  fire  extinguisher  should  not  be  mounted  on  the  side  of  th^ 
tank.  If  the  tank  catches  fire,  the  extinguisher  is  likely  to  be 
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inaccessible.  A  better  place  for  the  unit  is  away  from  the  tank  on 
a  wall  or  support  column  along  normal  paths  of  travel 

The  NFPA  has  set  the  following  minimum  extinguisher  ratings  and 
maximum  travel  distance  to  extinguisher  for  Class  A  hazards. 

SIZE  AND  PLACEMENT  FOR 
CLASS  A  HAZARDS 


Light 

Ordinary 

Extra 

(Low) 

(Moderate) 

(High) 

Hazard 

Hazard 

Hazard 

Occupancy 

Occupancy 

Occupancy 

Minimum  extinguisher 

rating 

1A 

2A 

3A 

Maximum  floor  area  per 

unit  of  A 

3,000  sq.  ft. 

1,500  sq.ft. 

1,000  sq.  ft. 

Maximum  floor  area  per 

11.250 

11,250 

11,250 

extinguisher 

sq.ft.' 

sq.  ft.' 

sq.ft.* 

Maximum  travel  distance 

to  extinguisher 

75  ft. 

75  ft. 

75  ft. 

•11, 260  $q,  ft.  ta  considered  8  practical  limit. 


Reprinted  with  permission  from  NFPA  10,  Portable 
Fire  Rxtinguishers  1978,  National  Fire  Codes, 


The  following  table  shows  the  maximum  area  to  be  protected 
per  extinguisher.  This  table  can  be  used  to  determine  the  number 
of  extinguishers  required. 


Extra 
Hazard 
Occupancy 


Maximum  Area  to  be  Protected  per  Extinguisher 


Clas^  A  Rating 
Shows  on 
Exttngiusher  Nameplate 


Light 
Hazard 
Occupancy 


Ordinary 
Hazard 
Occroancy 


1A 
^A 
3A 
'4A 
6A 
10A 
20A 
40A 


3,000  sq.  ft. 

6,000  sq.  ft. 

9,000  sq.  ft. 
11.250  sq.ft. 
11,250  sq.ft. 
11,250  sq.ft. 
11,250  sq.ft. 
11,250  sq.ft. 


NOTE:  1ft.' 0.0929  m' 


3,000  sq.ft. 

4,500  sq.  ft. 

6,000  sq.  ft. 

9,000  sq.  ft. 
11,250  sq.ft. 
11,250  sq.ft. 
11,250  sq.ft. 


2,000  sq.  ft 
3,000  sq.  ft 
4,000  sq.  ft 
6,000  sq.  ft 
10,000  sq.  ft 
11,250  sq.ft 
11,250  sq.ft 


Reprinted  with  permission  from  NFPA  10,  Portable 
Fire  Extinguishers  1978,  National  Fire  Codes. 


3000  sq.  ft.  =  279  sq.  ni. 
1500  sq.  ft.  =  139  sq.  m. 
1000  sq.  ft.  =  93  sq.  m. 
11,250  sq.  ft.  =  1045sq.  m. 
75  ft.  =  23  m. 


2000  sq.  ft.  = 
3000  sq.  ft.  - 
4000  sq.  ft.  = 
4500  sq.  ft.  = 
6000  sq.  ft.  = 
9000  sq.  ft.  = 
10,000  sq.  ft. 
11,250  sq.  ft. 


186  sq.  m. 
279  sq.  m. 
372  sq.  m. 
418  sq  m. 
557 sq  m. 
836  sq.  m. 
=  929  sq.  m. 
~  1045  sq.  m. 
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^^^e  Protection 
"O""  


Visibility 


Ease  of  Handling 
40  lbs.  «  18  kg. 
5  «  M/2m. 
3-1/2'  «  1  m. 


The  NFPA  has  set  the  following  minimum  extinguisher  ratings  and 
maximum  travel  distances  to  extinguisher  for  Class  B  hazards. 


Type  of  Hazard 


Basic  Mimmum 
Extinguisher 
Rating 


Maximum  Travel 

Distance  to 
Extinguishers  (Ft.) 


(m) 


Light  (low) 
Ordinary  (moderate) 
Extra  (high) 


5B 
108 

10B 
20B 

408 
808 


30 
50 

30 
50 

30 
50 


.  9.15 
^15.25 

9.15 
15.25 

9.15 
15.25 


NOTE:  The  specified  ratings  do  not  imply  that  fires  of  the  magnitudes  indicated  by  these 
ratings  will  occur«  but  rather  to  give  the  operators  more  time  and  agent  to  handle  difficult 
spill  fires  that  may  occur. 

Reprinted  with  permission  from  NFPA  10,  Portable  Fire  Extinguishers 
1978,  National  Fire  Codes. 

These  NFPA  standards  form  the  basis  for  most  mandatory  rules 
adopted  by  federal,  state  and  local  agencies.  Lrocai  fire  authorities 
will  help  apply  these  requirements  to  the  individual  industrial/ 
vocational  education  shop.  They  also  can  detjermL-:e  which  shop 
areas  fall  under  light,  ordinary  and  extra  hazard  occupancy* 

In  general,  both  for  accessibility  and  visibility,  extinguishers 
should  be  placed  at  exits,  where  they  can  be  used  to  fight  fires 
while  still  allowing  the  firefighter  to  escape.  In  this  location  stu- 
dents and  instructors  will  see  the  extinguisher  each  time  they 


enter  or  le^ve  and  will  know  where  to  find  it  if  it  is  needed.  Care 
must  be  taken,  however,  not  to  obstruct  the  exit  in  any  way. 


A  fire  extinguisher  must  not  be  blocked  or  hidden  by  stock, 
equipment  or  machines.  It  must  be  located  where  it  will  not  be 
damaged  by  equipment,  corroded  by  chemical  processes  or  ex- 
posed to  the  elements.  Its  location  should  be  made  conspicuous. 
For  example,  if  it  is  hung  on  a  column  or  post,  a  re^  band  can  be 
painted  around  the  post.  The  extinguisher  must  be  kept  clean. 
It  should  not  be  painted  in  a  way  that  will  camouflage  it  or 
obscure  labels  or  markings. 

For  ease  of  lifting,  extinguishers  weighing  less  than  forty  pounds 
should  be  placed  so  that  their  tops  are  not  more  than  five  feet 
above  the  floor.  Extinguishers  weighing  more  than  forty  pounds 
should  not  be  more  than  3-1/2  feet  above  the  floor. 
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To  determine  where  portable  extinguishers  should  be  placed  and 
what  ratings  are  needed,  it  is  necessary  to  look  at  what  is  in  the 
*  shop  and  what  is  likely  to  burn.  Areas  with  prott  :tion  from  auto- 
jP'  matic  systems  or  hose  stations  will  not  need  as  many  portable 
extinguishers  as  a  completely  unprotected  area.  However,  if  condi- 
tions permit,  it  is  far  more  desirable  to  put  out  a  sniall  fire  with 
a  portable  fire  extinguisher  than  to  rely  on  a  fixed  system  that,  if 
triggered,  could  create  a  cleanup  problem.  Pdrtable  fire  extin- 
guishers can,  prevent  a  small  fire  from  sprcadirig  and  can  extin- 
guish a  fire  rapidly  in  its  early  stages. 

Hazards  should  be  itemized.  Where  is  a  fire  most  likely  to  start? 
What  kind  of  fire  is  likely?  How  does  the  expense  of  the  unit 
compare  with  the  cost  of  cleanup?  While  it  may  be  cheaper  to 
install  one  dry  cb'amical  multipurpose  unit  (A,  B,  and  C  capa- 
bilities) instead  of  both  a  large  water  unit  (A  capability)  and  a 
small  Halon  1211  extinguisher  (B  and.C  capabilities),  the  less 
expensive  unit  may  create  a  much  greater  problem  with  cleanup 
than  the  two  separatei  units. 

When  units  are  placed,  adjacent  hazards  should  be'  considered.  If 
a  flammable  liquid  fire  could  ignite  surrounding  combustible 
paper  and  wood,  the  fire  extinguisher  selected  should  have  both  A 
and  B  capabUities.  If  nearby  electrical  equipment  may  catch  fire, 
then  the  agent  inside  the  extinguisher  should  be  nonconductive. 

Ambient  temperatures  may  be  important.  If  tho  storage  area  is 
unheated  or  only  minimally  heated,  water  units  may  freeze.  A 
multipurpose  dry  chemical  unit  that  will  operate  at  temoeratures 
from  40^F  to  120^F  is  a  better  choice. 

Analyzing  hazards  in  this  fashion  often  means  that  the  school 
shop  will  exceed  NFPA  recommendations,  which  offer  minimum 
standards.  The  industrial/vocational  education  supervisor  should 
not  hesitate  to  seek  assistance  froni  che  local  fire  department  or 
from  a  fire  equipment  distributer. 

Instructors  and  student  shop  foremen  should  be  trained  in  the  use 
of  portable  fire  extinguishers.  Training  in  proper  use  Includes: 

1.  using  a  sweeping  motion  that  extends  at  least  six  inches  on 
each  side  of  the  near  edge  of  ^ne  flames 

2.  maintaining  a  p^^per  distance  from  the  fire  to  avoid 
splashing  fuel  or  burning  material 


Appropriateness  to  the 
Situation 


40-1 20°F  =  4-49°C 


TRAINING  AND 
MAINTENANCE 
REQUIREMENTS 

6"  =  15  cm. 
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Monthly  Inspections 


3.  holding  portable  units  upright 

4.  attacking  flames  at  the  fuel  source 

5.  keeping  tMe  agent  flowing  so  that  the  fire  cannot  reignite. 

Instructors  and  student  shop  foremen  should  learn  to  react  quick- 
ly. Besides  knowing  how  to  operate  extinguishers  and  how  to 
apply  agents  eff:fctively,  they  should  be  familiar  enough  with  the 
equipment  to ,  know  when  a  fire  is  beyond  the  capabilities  of 
portable  extinguishers. 

Manufacturers  c^P  portable  ^:xe  extinguishers  work  hard  to  make  a 
product  of  high  quality;  units  and  their  components  are  tested 
before  assembly.  Most  portable  units  are  approved  by  Factory 
Mutual  (FM)  for  the  classes  of  fire  for  which  they  are  suitable,  or 
they  are  listed  by  Underwriters  Laboratories  (UL),  rated  for  class 
of  fire  and  extinguishing  potential.  Many  units  bear  the  seals  of 
both  testing  agencies,  whose  quality  control  representatives 
inspect  manufacturers  periodically,  exercising  continual,  cateful 
control  over  the  products  they  >;ave  approved  or  listed. 

But  any  unit  that  is  improperly  maintained  can  pose  a  hazard. 
Carbon  dioxide  units  may  explode  if  subjected  to  severe  neglect 
and  corrosion  or  if  exposed  to  extremely  Ijigh  temperatures  when 
the  relief  valve  fails  to  operate. 

Mixing  different  types  of  multipurpose  dry  chemicals  may  pro- 
duce  a  violent  reaction.  An  extinguisher  that  has  been  even  par- 
tially discharged  must  be  recharged  with  the  same  kind  of  chem- 
ical. 

Extinguishers  should  be  inspected  monthly  to  be  certain  of  the 
following: 

1.  They  are  in  their  designated  places. 

2.  Access  and  visibility  are  unobstructed. 

3.  The  operating  instructions  on  the  extinguisher  nameplate 
and  legible  and  facing  outward. 

4.  Any  seals  or  tamper  indicators  that  are  broken  or  missing 
must  be  replaced. 
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5.  They  have  no  obvious  physical  danriage,  corrosion,  leakage 
or  clogged  nozzles. 

6.  Pressure  gauge  readings  are  in  the  operable  range.  Water 
types  without  gauges  should  be  hefted  to  determine 
fullness: 

.Extinguishers  should  be  maintained  at  least  yearly  or  according  to     Annual  Maintenance 

nameplate  instructions,  A  tag  must  be  attached  to  show  the 
'maintenance  or  recharge  date  and  the  signature  or  initials  of  the 

person  performing  the  service. 

Maintenance  procedures  should  include  a  thorough  examination  of 
the  three  basic  elements  of  an  extinguisher: 

1.  mechanical  parts 

2.  extinguishing  agent 

3.  expelling  means. 

Specific  maintenance  requirements  fcr  various  types  of  extin- 
guishers are  included  in.NFPA  10,  Portable  Fire  Extinguishers. 

Every  six  years  stored  pressure  extinguishers  requiring  a  twelve-     Hydrostatic  Testing 
year  hydrostatic  test  should  be  en^.ptied  and  serviced.  The  extin- 
guisher sales  representative  usually  will  perform  this  service  at 
appropriate  intervals. 

Except  for  obviously  incipient  fires  which  can  be  extinguished  EMERGENCY 
easily  'n  their  first  phase,  the  local  fire  department  should  be  PROCEDURES 
notific   immediately  in  case  of  fire.  A  list  of  telephone  numbers 
for  local  fire  departments  should  be  posted  in  a  prominent  place 
near  the  shop  telephone.  Students  should  be  aware  of  this  list. 

Floor  plans  for  designated  areas  should  be  posted,  showing  the 
locations  of  fire  alarm  activators,  fire  extinguishers  and  exits. 

While  the  fire  department  is  being  notified  and  while  the  fire  is 
being  combatted,  students  should  shut  off  all  power  to  machines 
du  d  fans  and  *hen  begin  an  orderly  evacuation  from  the  facility. 
A  plan  for  orderly  evacuation  should  include  the  following: 


•    an  evacuation  signal 
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•  a  well  planned  evacuation  route  for  all  areas  of  the  shop 

•  designatioa  of  an  assembly  area  for  students  well  away 
from  the  school 

•  an  accounting  procedure  for  all  persons  after  assembly, 
keeping  in  mind  those  absent  from  the  shop  that  day 

^    if  possible,  a  search  of  the  building  to  aissure  complete 
evacuation. 

In  this  unit  we  have  discussed  common  causes  of  fires  and  pre- 
cautions necessary  to  prevent  their  occurrence.  We  have  seen  how 
certain  structural  devices  can  protect  against  fire  and  limit  its 
spread.  We  have  outlined  the  actual  fire  control  apparatus,  in- 
cluding 

•  detection  and  alarm  systems 
automatic  sprinkler  systems 

•  special  systems  to  control  specific  hazards 

•  portable  fire  extinguishers,  the  first  line  of  defense. 

We  have  reviewed  the  proper  emergency  procedure  to  follow  when 
a  fire  occurs.  Now  we  turn  our  attention  to  some  other  hazards 
found  in  the  industrial/vocational  education  shop. 

p  NOTES 

1.  The  chemistry  of  uninhibited  chain  reaction  is  explained  in 
Accident  Prevention  Manual  for  Industrial  Operations,  7th  ed. 
(Chicago:  National  Safety  CouncU,  1974),  pp.  1341-1342. 

2.  Adapted  from  Supervisors  Safety  Manual,  5th  ed.  (Chicago: 
National  Safety  CouncU,  1978),  p.  371. 

3.  The  sections  on  static  electricity  and  on  bending  and  ground- 
ing are  adapted  from  th^  Accident  Prevention  Manual,  pp. 
1291-1295. 

4.  This  section  is  adapted  from  Fire  and  Explosion  Prevention 
and  Protection,  U.S.  Department  of  Labor.  Bulletin  298 
(1967),  pp.  28-32. 
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5.  This  section  is  adapted  from  the  Accident  Prevention  Manual, 
pp.  582—583,  and  Fire  Explosion  Prevention  and  Protection, 
pp.  41--42. 

6.  The  following  discussion  of  portable  fire  extinguishers  owes 
much  to  the  definitive  article  by  Jeanine  A,  Katzel,  ''Selecting, 
Maintaining  and  Using  Portable  Fire  Extinguishers,''  Plant 
Engineering  (March  8,  1979),  pp.  92^101.  A  shorter  version 
of  the  article  appeared  in  National  Safety  News  (June  1979), 
pp.  52-58. 

7.  Accident  Prevention  Manual,  p.  1343. 
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QUESTIOxNS  AND  ANSWERS 


1.  To  produce  combustion,  what  elements  must  be  present? 


a.  fuel 

b.  oxygen 

c.  heat 

\ 

d.  uninhibited  chain  reaction. 


2.  Define  flash  point  and  tell  the  difference  between  flamm'^ble  and  combustible  liquids. 
iOO^  -  38°C 


Flash  point  is  the  minimum  temperature  at  which  a  liquid 
gives  off  vapor  in  sufficient  concentration  to  form  an  ignitible 
mixture  with  air  near  the  surface  of  the  liquid.  Flammable 
liquids  are  those  with  flash  points  below  100°F;  combustible 
liquids  are  those  with  flash  points  at*or  above  lOO^F. 


3.  Fires  in  the  industrial/vocational  education  shop  may  be  traced  back  to  many  causes. 
What  kind  of  fire  is  most  frequent,  and  what  are  some  specific  causes? 


The  most  frequent  fires  are  electrical  fires,  from  such  causes  as 
electrical  arcing,  short  circuits,  overheated  electrical  equipment 
and  substandard  wiring. 


4.  Name  the  four  classes  of  fires  and  what  items  belong  to  each  class. 


a.   Class  A— fires  in  ordinary  combustible  materials  (e.g.,  wood, 
cellulose,  paper,  cloth,  excelsior,  rubbi^r) 
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h.  Class  B--fires  in  flammable  liquids,  gases  and  greases 

c.  Class  C— fires  which  involve  electrical  equipment 

d.  Class  D— fires  occurring  in  combustible  metals 


5.  What  are  the  two  types  of  automt/Jc  sprinkler  systenis  most  likely  to  be  found  in  the 
industrial/vocational  education  shop? 

Wet-pipe  and  dry-pipe 


6.  List  five  requirements  for  effective  pouable  fire  extinguishers. 


Any  fiveXrom  among  the  following.  They  must  be: 

a.  a  reliable  type 

b.  the  right  type  for  each  class  of  fire  that  may  occur  in  the 
area  ^ 

c.  in  sufficient  quantity  to  protect  against  exposure  in  the 
area 

d.  located  where  they  are  readily  accessible  for  immediate  use 

e.  maintained  in  perfect  operating  condition,  inspected  fre- 
quently, checked  against  tampering  and  rechaj^ged  as  re- 
quired 

f.  operable  by  the  persons  who  are  in  the  area,  who  can  find 
them  and  who  are  trained  to  use  them  effectively  and 
promptly. 


7.  In  case  of  fire,  what  is  the  first  emergency  step  to  be  taken? 


Notify  the  fire  department. 
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OSHA  Safety  and  Health  Standards  (29  CFR  1910),  November  1978.  \ 
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APPENDIX  A 

EXAMPLES  OF  TYPICAL  INCOMPATIBLE  CHEMICALS 


r 


2 


Table  13 

EXAMPLES  OF  INCOMPATIBUE  CHEMICALS 


Chemical 


Keep  Out  of  Contact  with: 


Acetic  acid 
Acetylene 

AlkJiline  metals,  such  as  powdered 
aluminum  or  magnesium,  sodium, 
potassium 

Artjmonia,  anhydrous 

Ammonium  nitrate 

Aniline 

Bromine 

^  Carbon,  activated 

Chlorates  *  r 

Chlorine 

Chloiine  diox'de 
Chromic  acid 
Copper  ^ 
Cumene  hydroperoxide 
Flammable  liquids 
Fluorine 

Hydrocarbons  (butane,  propane, 
benzene,  gasoline,  turpentine,*' 
etc.) 


Chromic  acid,  nitric  acid,  hydroxyl  compounds,  ethylene  glycol,  perchloric  acid,  peroxides,  permangaYiates 
Chlorine,  bromine,  copper,  fluorine,  silver,  mercury 

Water,  carbon  tetrachloride  or  other  clorinated  hydrocarbon,  carbon  dioxide  and  the  halogens 

•  « 

Mercury  (in  manometers,  for  Instance),  chlorine,  calcium  hypochlorite,  frdine,  bromine,  hydrofluric  acid  (anhycirous) 
Acids,  metal  powders,  flammable  liquids,  chlorates,  nitrites,  sulfur,  finely  divided  organic  or  combustible  materials 
Nitric  acid,  hydrogen  peroxide    ^  •    .  * 

Same  as  for  chlorine  * 

Calcium  hypochlorite  and  all  oxidizing  agents  ^  *  ^ 

Ammonium^^alts,  acids,  metal  powders,  sulfur,  finely  divided  organic  or  combustible  materials' 

« 

Ammoniz,  acetylene,  Jbutadidne,  butane,  methane,  propane  (or  other  petroleum  gases),  hydrogen,  sodium  carbide, 
turpentine,  benzene,  finely  divided  metals  ^ 

Ammonia,  methane,  phosphine,  hydrogen  sulfide   ^  "  • 

Acetic  acid,  naphthalene,  camphor,  glycarine,  turpentine,  alcohol  and  flammable  liqujds  in  general 

Acetylene,  hydrogen  peroxide  »  ,  "  " 

« 

Acid^— organip  and  inorg8nic 

Ammonium  nitrate,  chromic  acid,  hydrogen  peroxide,  nitric  acid,  sodium  peroxide  and  the  halogens 
Isolate  from  everything 

Fluorine,  chlorine,  bromine,  chromic  acid,  sodium  peroxide 


2S8 


EXAMPLES  OF  INCOMPATIBLE  CHEMICALS  (Concluded) 


Chemical 


Keep.  Out  of  Contact  with: 


Hydrocyanic  acid 

Hydrof  luric  acid,  anhydrous 

Hydrogen  peroxide 

Hydrogen  sulfide 

Iodine 

Mercury 

Nitric  acid  (concentrated) 

Oxalic  acid 

Perchloric  acid 

Potassium 

Potassium  chlorate 

Potassiurr\perchlorate 
(see  also  "Chlorates")  , 

Potassium  permanganate 

Silver 

Sodium  ' 

Sodium  peroxide 

Sulfuric  acid 


Nitric  acid,  alkalis  -  '  ' 

Ammonia,  aqueous  or  anhydrous  *  '  • 

Copper,  chromium,  iron,  most  metaU  or  their  salts^alcohols,  acetone,  organic  materials,^ arviline,  nitromethane,  flam- 
mable liquids,  combustible  ;nateria!s  '  i  , 

Fuming  nitric  acid,  oxidizing  gases  / 

'  Acetylene,  ammonia  (aqueous  or  anhydrous),  hydrogen  "  .  » 

Acetylene,  fulminic  acid,  ammonia  , 

Acetic  acid,  aniline,  chromic  acid,  hydrocyanic  acid",  ^jydrog^n  sulfide,  flammable  liquids,  flammable  gases 
Silver,  mercury  .  , 

Acetic  anhydride,  bismuth  and  its  alloys,  alcohol,  paper,  wood  ,  '  ■ 

Carlson  tetrachloride,  carbon  dioxide,  water  ' 
Sulfuric  and  other  acid§ 
Sulfuric  and  other  acids  ^ 

Glycerine,  ethylene  glycol,  benzaldehyde,  sulphuric^d 

Acetylene,  oxalic  acid,  tartaric  acid,  fulminic  acid,  ammSnium  compounds 

Carbon  tetrachloride,  carbond  dioxide,  water 

Ethyl  or  methyj  alcohol,  glacial  acetic  acid,  acetic  anhydridge,  bezaldehyde,  carbon  disulfide,  glycerine  ethylene  glycol 
ethyl  acetate,  methyl  acetate,  furfural       •        y  ♦  '  »  ' 

.  Potassium  chlorate,  potassium  perchlorate,  pQtassium  permanganate  (or  such  compounds  with  similar  light  mtials  such 
as  sodium  lithium,  etc.) 

290. 


Reprinted  with  permission  from  Accidertt  Prevention  Manual  for 
Industrial  Operations,  7th  "ed.  (Chicago:  National  Safety  Council,- 
1974),  p.  1462. 
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CHARACTERISTICS  OF  PORTABLE  FIRE  EXTINGUISHERS 
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L  ERJC 


Table  14 

CHARACTERISTICS  OF  PORTABLE  FIRE  EXTINGUISHERS 


Extinguishing 
'Agent 


Method  of 
Operation 


Wat«r, 
^  ■  Water 


Water  (Anti- 
freeze 

Calcium 
Chloridge) 


Water  (Wetting. 
Agent)  * 


Watifj^ 

'  feodaAcid) 


Stored  l^ressure 
Pump 
Pump 
Pump 

Pump  .  " 
Cartridge  &  Stored  Pressure 

Cartridge  &  Stored  Preisure 

Cartridge  &  Stored  Pressure 

Cartridge  8t  Stored  Pr&ssure 

Cartridge  &  Stored  Pressure 

Chemically  generated  expellont 

7' 

D^emically  generated  expel  lent 
Chemically  generated  expellent 


Chemically  generated  expellent 
•Loaded  Stream     Stored  Pressure 

Cartridge  &  Stored  Pressure 


Foam 
Foam 


Pressurized 

Chemically  generated  expellent 

(Comically  generated  expellent 

Chemically  generated  expellent 
•  Chemically  generated  expellent 


AFFF 

Cartx)n  Dioxide 


Dry  Chemlcirt^ 
(Sodium  Bicar- 
bonate) 


Dry  Chemical  ^4 
(Potassium 
Bicarbonete) 


Chemically  generated  expellent 

Stored  Pressure 
^elf  Expellent 


Stored  Pressure 
Stored'Pressure 
Cartridge  and  Stored  Pressure  , 
Cartridge  and  Stored  Pressure 
Nitrogen  cylinder  or 
Stored.Pressure  y 
Stored  Pressure  ' 
Stored  Pressure 
Cartridge  or  Stored  Pressure 
Cartridge  or  Stored  Pressure 
Nitrogen  cylinder  or  f 
j^tored  Pressure 


Approxi- 

protection; 

Horizontal 

mate 

*  RpmiimH 

Ml  nr  ULC 

Range  of 

.  Tfme  of 

Below  40°F 

«•  Classifica< 

Capacity 

Stream 

Discharge 

(4°C) 

tions* 

/.n  gsi. 

'  ^  iH-^n  ft 

^oU-*»U  Tt. 

1  mm. 

Yes 

2-A 

00-40  ft 

45  sec. 

Vac 
TBS 

4,f*  yoi  ■ 

'^n.^n  ft 

1  min. 

O  A 

^  y<ii  • 

30-40  ft.. 

2  min. 

TCS 

O  A 

5  gal. 

00.40  ft 

^-o  nun. 

Y»c 

•  c$ 

^.A 

1%.  VA 

30-40  ft. 

30  sec 

^           I^U  • 

1  .A 

2V4  gal. 

30.40  ft 

1  min . 

23  gal. 

yvi  II. 

o 

o  mm. 

on  A 

(wheeled) 

25  gal 

'1    35  ft. 

1  Yt  min. 

Yes 

10-A* 

(wheeled) 

*»o  gai. 

oD  Tt. 

2  mm. 

»  Yes 

'  30-A 

r^Ojio  ft 

k 

oo  car> 

ou  sec. 

T  e$ 

1  -A 

9a<."  ' 

t 

t    '  2J4gal. 

3040  ft. 

1  min. 

Yes 

2A 

t        1 7  gal . 

*   50  ft. 

3  min. 

T  c5 

^O  A 
lU-M 

IuuHpaI  pHV^ 

V 

V  * 

fVl  ft 

3  min. 

Yes 

•  20-A 

(wheeled) 

OU-*fU  TI. 

yell. 

1  min. 

^  No 

,2  to  3-A 

• 

and  1-B  ' 

oj  gai. 

RTk  ft 
OU  it. 

O  m!^ 

o  mm. 

No 

20-A 

liAf  h  a  o  1 

twncclpQ/ 

^  1 

ft 

z<t  sec. 

Yes  t 

I'B 

1/4,  1/3 

OA_^A  ft 

,    oU.*»U  TI. 

40  sec. 

Yes  p 

1  -  A,  2-B 

Qfll 

z/>  gai. 

it. 

1 14  min. 

Yes 

•  2-A:4-B  to 

* 

2'A:6-B 

t^l . 

00.40  ft 
OU"*tU  II. 

2  mir). 

Yes 

1^-A:6-B 

17  oal 

^  ft 

iJU  II. 

3  min. 

Yes 

10^:10-B  to 

(uvhedlpH)  • 

«  '> 

4  A  A  .  4  A  D 

lU-A:  i2-B 

33  gal. 

50  ft. 

o 

o  mm. 

^  xes 

OA  A  .AA  O 

29-A:2u*5  to 

(■A/heeied) 

A  A  A  Va  a  D 

20-A:40-D 

2%  gal. 

20-25  ft. 

50  sec. 

Tes 

3-A:20*B 

2%  to  5  lb/  * 

3-8.  ft. 

R  tn  00  cpr 
D  lu  ou  set*. 

Ma 

1  to  b-D:u 

10  to  15  lb. 

3-8  ft.. 

R  tn  '^0  cpr 

Ma 

z  to  iu-p:u 

20  lb. 

3f-S 

10  to  '^0  spr 

Ma 

>50  to  100  lb. 

3-10  ft. 

1 0  tn  '^0  cpr 

l>IO 

in     on  D>/^ 
lU  to  xU-D.U 

'.  (wh'eeled) 

1  10. 

5-8  ft! 

8  to  10  sec. 

No'  ^ 

1  to  2-B:C 

1  VC  trt  O^A  Ik 
1  /3  lO  Z/3  ID. 

O-O.  #1. 

B  to  12'sec. 

No 

2  to  5*B:C 

2%  to  5%  lb.  . 

550  ft.  - 

B  to  20  sec. 

No 

5  to  10-B-C 

7%  to  30  lb. 

5-20  tt. 

10  to  25  sec. 

No 

lo'to  120-BrC 

75  to  3501b. 

15  to  45  ft. 

20  tp  105  se^ 

No 

40  to240-B:C 

(wheeled) 

1  to  2  Ib.^ 

5-8  ft. 

B  to  10  sec. 

No  ^ 

1  to  5-B:C 

2'/4  to  5  lb. 

5-12.ft. 

8  to  10  sec. 

No 

5'to  20-B:C 

SVito  10  lbs. 

5-20  ft. 

B  to  20  sec. 

No 

10  to  60-B:C 

16  ta30lbs. 

.  10-20  ft. 

B  to  25  sec. 

No 

40  to  120  E:C 

125  to  300  lbs. 

15-45  ft. 

30  to  60  sec. 

No 

80  to  480-B:C 

(whee'ed) 

9 
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Characteristics  of  Extinguishers  (continued) 


Approxi- 

Protection 

Horizontal 

mate 

Required 

,    ULttrULC  ' 

*  Extinguishing 

Method  of 

Range  o* 

»^Time  of 

Below  40°F 

Classifica- 

Agent 

X)peration 

Capacity 

Stream 

Discharge 

(4°C) 

tions* 

Dry  Chemical  ' 

•'Stored  Pressure 

2  to  2yi  lbs.' 

5^  ft. 

8  to  10  sec. 

No 

.■ 

5  to  10-b":C 

(Potassium 

Cartridge  or  Stored  Pressure 

5  to  10  lbs. 

5-20  ft. 

8  to  25  sec. 

No 

20  to  40-B:C 

Chloride) 

Cartridge  or  Stored  Pressure 

^9'/tXo  30  lbs. 

,  15-45  ft. 

8ta25.sec.  * 

No  - 

,  60to80-B:C 

• 

Nitrogen  cylinder  or 
.  Stored  Pressur^ 

50  io  160  lbs. 
(wheeled) 

15-45  ft. 

30  to  60  sec. 

No 

1?0to  160  B:C  ' 

Dry  Chemical 

Stored  Pressure  ' 

1  to  5  lbs.  . 

5-12  ft. 

8  to  IP  sec. 

No 

1  to  2-A  and 

(Ammonium 

t 

2to  10.B:C 

Phosphate) 

%» • 

» 

Dry  Chemical 

Stored  Pressure  or  Cartridge 

TAxo  SHIbs. 

5-12  ft. 

8  to  12  sec. 

No 

1  to  3-A  and 

(Ammonium 

» 

Stored  Pressure  or  Cartridge 

10  to  40-B:C 

Phosphate) 

9  to  17  lbs. 

5-20  ft. 

10  to  25  sec. 

.  No 

2  to  10- A  and 

• 

10  to  60-B:C 

Stored  Pressure  or  Cartridge 

17  to  30  lbs. 

5-20  ft. 

10  to  25  sec. 

3  to  20-A  and 

30td80*B:C  • 

Nitrogen  Cylinder  or  ^ 

50  to  315  lbs. 

15-45  ft. 

30  to  60  sec. 

20  to  40-A  and 

Stored  Pressure 

(wheeled) 

* 

60to3?0-B:C" 

Dry  Chemical 

Cartridge  and  Stored  Pressure 

4%  to  9  lbs. 

5-20  ft. 

&to  10  sec. 

No 

•  10to20-B:C 

(Foen  Com- 

Cartridge and  Stored  Pressure 

9  to  27  Ibsr 

5-20  ft. 

10  to  25  sec. 

No 

No  ^ 

20to30-B:C 

patible) 

Cartridge  and  Stored  Pressure 

18  to  30  lbs.* 

5-20  ft. 

10  to  25  sec. 

40  to  ^.B:C 

^  Nifrogen  cylinder  and 

150  to  350  lbs: 

 15.45  ft. 

20  to  150  sec. 

No 

B0to240  B:C 

Stored  Pressure 

(wheeled) 

• 

Dry  Chemical 

C^rtrif^-^  and  Stored  Pressure 

2y2  to  5  lbs. 

5-12  ft. 

8  to  10  sec. 

No 

10  to  20-B:C 

(Foam  Com' 

Cartridge  and  Stored  Pressure 

m  to  20  lbs. 

5-20  ft.-^^ 

8  to  25se£. 

.  No 

4Qto«0-B:C  ^ 

patibte)  ^ 

Cadridge  and  Stored  Pressure  ^ 

19'/^  to  30  lbs.- 

'5-20  ft.> 

10  to  25  sec. 

*  No 

60  to80-B:C 

(Potassium 

-l^itrogen  cylinder  and 

50  lbs. 

15-45  ft. 

30  sec. 

No 

120.6:C  '  ' 

Chloride)  - 

"    Stored  Pressure 

(wheeled) 

Dry  Ohemic*"! 

Stored  Pressure 

5  to  11  lbs, 

11-22  ft. 

*'T3  to  18  sec. 

No 

40  to*80.B:C 

(Foam 

Compatible) 

> 

(Potassium 

♦      Stored  Pressu/e 

9  to  23  lbs. 

15-30  ft. 

17  to  33  sec. 

^  No  . 

'60  to  fio.B:C 

Bicarbonate 

175  lbs. 

70  ft.  " 

82  sec. 

'  No 

48Cr-B:C 

Urea 

(yy/heeted)- 

/, 

^    .  based) 

Bromotrilluoro- 

.  methane 
BromochloQodi- 
fluoromethane 


Self  Expellent 
Stored  Pressure 
Stored  Pressure 

V  ■ 


2%  lbs. 

A'A  lbs. 
2  to  4  lbs. 
5VS  to  9  lbs. 
16  to  22l'bs, 


4-6  f  I. 
6-10  ft.  ■ 

8-  1 2  ft. 

9-  1 5  ft.  ' 
14-16  ft. 


8  to  10  sec. 
8to  10  sec. 
8  to  12  sec. 
8'to  15  sec. 
10  to  18  sec. 


Nd' 
No 
No^ 
No- 


2-B:C 
5B:C 
2  to  5-B:C 
1;Aand  lOtB^C 
1  to  2*A  and 
20  to  80-B:C 


Note:  1  02.  =  29.6  mi;  1  lb.  =  0.4&l;Jcg;  1  ft.  «  0.305  nv,  1  gal.*  3.^5 

*UL  and  ULC  ratings  checked  as  of  December  27. 1974.  Readers 
concerned  wjth  subsequent  ratings  sholifd  review  the  pertinent  "Lists" 
and  "Supplements"  Issued  by  these  Laboratories:  (Wriie  Underwriters  ' 
Laboratories  Inc.,  207  East  Ohio  St.,  Chicago.  Mlindis  6061 1 ,  or  Under- 
writers' Laboratories  of  Canada,  7  Crouse  Road,  Scarborough,  Ont., 
Canada  MIR  349)'« 

••Carbon-dioxide  extinguishers  ^with  metallic  h^)rns  do  not 
carry  a  "C"  classification. 

,  tSome  vnall  extinguishers  containing  ammonium  phosphate 
dry  chemical  do  not  carry  on  "A'*  classification.  ^ 

Vaporizing    liquid    extingiushers  ICarbon    tetrachloride  or 
chlorpbromomethane  base)  are  not  recognized  in  this  standard. 

Reprinted  with  permission  from  NFPA  TO,  Portable  Fife  Extinguishers 
1978,  National  Fire  Codes.  -"x^  * 
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UNIT  13 


\ 

HEALTHHAZARDS 


METHODS 


PURPOSE 


OBJECTIVEa 


/ 

SPECIAL  TERMS 


INSTRUCTOR. 
MATERLUS 


TRAINEE 
1WATSRIALS 


liecture  and  Demonstration 


LENGTH:  2  Hours 


To  show  what  health  hazards  exist  in  the  industrial/vocational  education  shop 
and  how  these  hazards  can  be  evaluated  and  controlled. 


To  introduce  the  participant  to:. 

•  •  •  * 

1.  '  Characteristics  of  heal^  hazards  ^ 

2.  Classification  of  health  hazards 

3.  yhe  dangers  presented  by  such  physical  agents  as  radiation,  vibration  and 


noise 


The  adequate  labeling,  carefvl  use  and  proper  disposal  of  chemical  agents 
The  modes  of  entry  for  hazardous  substances 
Methods  of  evaluating  and  controlling  health  hazards. . 


1.  Visible  Light 

2.  Lif rared  Radiation 

3.  ^Ultraviolet  Radiation 

4.  Sound 

5.  Pitch  . 

6.  Intensity 

7.  Decibel 


Lessoh  Plan 

3&  mm  Slides  and  Projector 
Chalk  Board/Chalk 


8.  Temporary' Threshold  Shift 

9. .  Permanent  Threshold  Shift 

10.  Primary  Irritants 

11.  Sensitizers 

12.  Thresliold  Limit  Value 

13.  Time-Weighted  Average  •  * 

14.  Permissible  Exposure  Level 


Participant  Outlines  and  Supplementary  Materials 
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UNIT  13 
HEALTH  JiAZARDS 


For  years  industrial/vocational  education  instructors  have' been 
concerned  .with  locating  and  eliminating  or  at  least  controlling 
safety  and  health  hazards  in  their  school  shops.  But,  because 
health  hazards  and  their  destructive  impact  often  are  not  fully 
understood;  many  health  hazards  exist  withfn  industrial/Vocational- 
shops  without  arousing  the  concern  they  deserve.  Thus  students 
are  often  exposed  to  excessive  machinery  noise,"'chemical  agents 
which  may  cause  dermatitis,  and  such  airborne  contaminants, as- 
,  fumes  from  welding  operations,  dusts  from  grinding  and  vapors' 
from  solvents.  Such  exposure  can  have  both  sh9rt-  and  long- 
term  effects  on'  the  health  of  both  students  and  instructors. 

Dunng  our  discussion  of  accident  causes  in  Unit  1,  environmental 
factors  (biological,  physical  and  chemical)  were  mentioned  as 
causes  of  accidents  in  the  industrial/vocational  school.  In  this 
unit^  that  discussion  will  be  expan4ed  to  provide  a  more  thorough 
understanding  of  the  health  hazayds  arising  from  environmental 
factors  and'  ways  that  these  hazards  can  be  eliminated  or  con- 
trolled.   *  \ 

\ 

\ 

Health  hazards  encountered  in  the  industrial/vocational  education 
shop  have  the  following  characteristics:  * 

cover  a  whole  range  of  disorders  involving  many 
pBitS\of  the  body  (e.g.,  lungs,  liver,  bloody  Iddney,  skin, 
eyes,  ears^  ))rain  and  nervous  system). 

■   \     \  ■ 

2.  They  freQuently\escape  detection. 

V    \        .  ^ 

3.  They  do  n'bt  come  with  a  label;  thus,  they  easily  can  be 
misdiagnoseti  by  a  physician. 

4.  They  come  sloAvly  as  a  rule,  over  months  and  years,  and 
every  person  is  not  affected  by  them^ 


INTRODUCTION 


CHARACTERISTICS  OF 
HEALTH  HAZARDS  FOIJND 
IN  THE  SCHOOL  SHOP 


Instructor  Note: 


Instructor  solicits  from 
participants  the  environ- 
mental factors  hi  their 
respective  shops  which  they 
think  are  potential  health 
hazards.  Replies  are  recorded 
on  the  chalk  board.  ^ 


iieaith  Hazards 


CLASSIFICATION  0? 

HEALTH  HAZAfeS 

Instructor  Note: 
Instructor  groups  into  the 
three  categories  the  factors 
mentioned  by  the.* 

.p^^nt'i, 

BIOLOGICAL  AGENTS 


.PHYSICAL  AGENTS' 
Illumination 


Temperature 
Humiditj* 


Radiation 
Vibration  ' 
Noise 

RADIATION 


5.  New  potential  hazards  continually  are  introduced  through 
the  use  of  new  substances,  new  uses  for  old  materials, 
new  combinations  of  chemicals  and  process  changes. 

•  ♦ 

Health  hazards  which  may  adversely  affect  both  instructors  and 
students  may  be  classified  according  to  the  following  thre^^ate- 
gories: 

Category  A  —  Biologic  al,Agents 
Category  B  —  Physical  Agents 
Category  C-^  Chemical  Agents 

Biologicat  agents— certain  bacteria,  fungi;  parasites  and  micro- 
organisms—are known  to  cause  illness,  extreme  discomfort  and,  in 
some  circumstances,  even  death.  It  is  unlikely,  however,  that 
operations  involving  these  agents  will  be -part  of  the  industrial/ 
vocational  education  curriculum.  Biological  agents  are  of  par- 
ticular concern  *lo  persons  handling  hides  and  skins,  to  butchers 
and  others  working  with  animal  products,  and  to  employees  of 
sewag*^  treatment  facUities  and  waste  areas. 

Physical  agents  are  far  more  likely  than  biological  agents  to  pre- 
sent health  hazards  in  the  industrial/vocational  education  environ- 
ment. In  the  unit  on  Ulumination  we  have  seen  how  inadequate 
lighting  and  glare  cah  contribute, to*  eyestrain  and  fatigue  and  can 
cause  accidents. 

Teniperature  extremes  and  humidity  are  other  factors  which 
affect  safety  and  health.  •However,  it  is  unlikely  that  shops, deviate 
*  significantly  from  comfortable  temperature  ranges. 

We  wUl  no,w  look  at  other  physical  agents  which  present  health 
'  hazard?  in  *he  shop  environment:  radiation,  vibration  and  noise. 

The  electromagnetic  (non-ionizing)  radiation  that  may  be  encoun-* 
tered  in  the  industrial/vocational  education  shop  can  affect  the 
body  adversely:  -Infrared,  visible  and  ultraviolet  radiation*  are 
manifestations  of  the  same  kind  of  electromagnetic  radiation, 
differing  from  each  ^  other  only  in  frequency,  wavelength  or 
energy  level.  It  is  useful  to  discuss  them  as  separate  groups  because 
of  the  physical  effects  which  they  produce. 

Visible  light  is  radiation  that  can  be  seen  and  includes  the'  color 
Spectrum,  fron)  red,  orange,  yellow  and  green  to  blue,  indigo  and 
violet.  .The  region  beyond  the  red  is  infrared;  the  region  beyond 

J  ■    -  .  ^     .  /    '  ■ 
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the  violet  is  ultraviolet  Though  radiation^  these  regions  is  in- 
visible, it  is  a  form  of  energy  particularly  dangerous  to  the  human 
eye*  The  eye  is  an  optical  instrument  equipped  to  receive  radia- 
tions which  are  not  limited  to  the  visible  portion  of  the  electro- 
magn.etic  spectrum.  Because  of  its  receiving  abUity  and  the  delicate 
balance  of  itslfunctional  parts,  it  is  easily  injured. 

Infrared  radiation  does  notjenetrate  below  the  superficial  layer  of 
the- skin.  Its  only  effect  is  to  heat  the  skin  apdthe  tissues  jimmedi- 

*  ately  below  it.  Except  for  jthermal  burns  and  damage  to  the  eye, 
it  presents  a  negligible  health  hazard. 

Infrared  radiation  is  encountered  in  various  shop  operations: 

1.  drying  and  baking  of  paints,  varnishes,  enamels,  adhesives, 
printers'  ink  and  other  protective  coatings 

2.  heating  of  metal  parts,  especially  through  use  of  the 
electric  arc  and  other  flame-cutting  devices   \  , 

4 

3.  dehydrating  of  textiles,  paper ^nd  other  material^iJ 

The, major  danger  pf  IR,  as  with'other  forms  of  electromagnetic 
radiation;  is  to  the  eye.  Low  doses  of  IR  over  the  years  may  not  be . 
felt  but  may  cause  serious  permanent  damage  to  the  cornea, 
iris,  retina  and  lens  of  the  eye.  It  can  produce  "heat  cataract," 
an  opacity  of  the  rear  surface  of  the  lens  which  is  particularly 
frequent  among  glassblowers  and  persons  who  work  near  indus- 
trial ovens  and  furnaces.  ^ 

Goggles  protect  the  eyes  and  regular  clothing  pr^ects  tiie  skin 
against  the  dangers  of  IR.  Ovens  and  oOier  sources  of  IR  can  be 
shielded  with  shiny  materials  such  as  polished  aluminum,  which 
will  reflect  the  heat  back  to  its  source. 

Intense  visible  radiation  is' emitted  from  the  sun,  artificial  light 
sources,  arc  welding  processes  and  highly  incandescent  bodies."^ 
The  physiological  responses  to  intense  visible  light--adaptation, 
pupillary  reflex,  partial  or  full  lid  closure  and  shading  of  the  eyes 
—are  prdtective  mechanisms  to  prevent  excessive  brightness  from 

•  being  f  ocussed  on  the  retina.  . 

In  arc  welding,  the  welder's  eye  protection  equipment  prevents 
exposure  to  intense*  visible  light  Because  others  in.  the  area  can 
sustain  retinal  damage  because  they  accidentally  or  carelessly 
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view  the  electric  arc,  welding  areas  should  be  shielded  and/or 
isolated. 


Ultraviolet  radiation  is  the  portion  of  sunlight  which  causes  sun- 
burn, and  the  most  common  exposure  to  Uy.is  from  direct.' 
sunshirie.  Symptoms  of^-overexposure  ifaciude  reddening  of  the 
skin,  blistermg  and. pain.  UV  radiation  intensifies  the  effects  of 
some  chemicals.  Long-term  exposure  to  UV,  especially  when  * 
combined  with  such  photo-sensitV.ing  agents  as  the  coal  tar|  and 
cresols  used  in  roofing,  increases  a  person's  chances  of  developing 
slyn  cancer.  Certain  protective  creams  contain  compounds  which 
minimize  the  effect  of  UV  rays. 

« 

•Many  weiding  processes,  especially  the  use  of  the  electric  arc, 
produce  UV  which  can  damage  the  eyes..  Many  arc  welders  are 
•aware  of  the  sensation  of  sand  in  the  eyes  which  is  known  as 
"arc-eye"  or  keratitis.  This  painful  condition  occurs  six  to  eight 
hours  after  Exposure  and  is'  the  result  of  excessive  exposure  to 
UV.  L'bng-term  exposure  to  UV  can  lead  to  loss  of  vision.  Welders 
mtjst  wear  eye  protection  equipment  with  the  appropriate  shade 
lens. 

UV  reacts  with  chlorinated  hydrocarbons— perchloroethylene, 
trichloroethylene  and  other  chemicals  commonly  used,  as  de- 
greksers^to'form  phosgene,  a  highly  toxic  nerve  gas.  To  prevent 
such  a  reaction,  welding  operations  should  be  shielded  or  isolated. 

Conventional  light  ^burces  produce  random  and  disordered  light 
wave  mixtures  of  various  frequencies.  In  contrast,  lasers  emit  < 
bea^s  of  coherent  light  of  a  single  color  or  wavelength  and  fre-  , 
quency,  Laser  is  an  acronym  for  /ight  amplification  by  stimulated 
emission  of  radiation. 


Lasers  are  relatively  new,  and  their  use  in  industry  is  becoming 
more  frequent.  They  are  useful  for  projecting  a  reference  line  for 
construction  work  and  for  highly  precise  distance  measuring  in 
surveying.  In  the  industrial/vocational  education  shop,  an  .'all- 
purpose  laser  machine  may  be  used  for  welding,  cutting  and 
drilling  and  for.micromachining  fine  parts. 

because  the'  laser  has  a  large  energy  density  in  a  Yianow  beam,  it 
can  inflict  serious  injury,  especially  to  the  eye.  Not  only  is  it 
impprtant  to  protect  those  persons  ,who  might  view  the  direct 
beam  but  alsa^tnose  who  might  se^a  Reflection.  Hazard  controls 
include  barriers,  shields  and  protective  equipment.         ^  . 
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The  longer  wavelengths-in<iluding  power  frequencies  and  broad- 
cast and  short  wave  radio-^an  produce  general  heating  of  the 
body.^  1  . 

! 

Radiofrequency  waves  can  be  used  as  heating  ^squrces  in  various 
industrial/vocational  education  operations.  Such  heating  equip- 
ment is; used  in  metalworking  for  hardening  gear  teeth,  cutting' 
tools  and  bearing  surfaces  and  for  annealing,  soldering  and  brazing. 
In  woodworking,  radiofrequency  heating  equipment  is  used  for 
bonding  plywood, '  laminating  and  general  gluing.  Other  uses  ' 
intlude  m^olding  plastics,  *  curing  and  vulcanizing  rubber  and 
thermosealing.  The  waves  *  themselves  are  u^iilikely  to  emit  suf- 
ficient exposure  intensities  to  cause  a  radiation  health  hazard. 
The  -hazards-  of  radiofrequency  heating  are  electrical  sliock  and 
bums/hazards  which  will  be  discussed  -in  a  subsequent  unit  on 
electricity. 

Microwaves  are  far  more  dangerous  than  radiofrequency  waves. 
Where  microwaves  ar6  used  for  radar  .or  communications,  their 
hazards  must  b^  realized  and  necessary  precauti^nstaken. 

Radar  operates  on  the  principle  of  microwave  radiation^IioingJn^ 
a  waA^elength  range  from  several  meters  to  several  millimeters.  It"^ 
can  dama'ge  many  parts  of  the  body:  eyes,  testes„gall  bladder, 
gastrointestinal  tract  and  certaifi'  other  vital  organs;/Persons  who 
•work  in  or  around  high-power  radar  antennas  or  radar  test  equip- 
ment must  minimize  their  exposure. 

Another  physical  health  hazard  encountered  in  the  industrial/ 
'  vocational  educatioh  shop  is  the  vibration  produced  by  such 
pneumatic  'tools  as  air  hammejs,  compressed-air  chisels,  jack- 
hammers,  riveting  guns,  pounding-up  machines  and'stonecutting 
hammers.  The  bodily  response  to  vibration,  which  is  often  accom- 
panied by  noise,  is  a  feeling  of  unease,  fatigue,  irritability  and. 
discomfort. 

A  condition  known  as  **dead  fingers",  or  '*white  ^fingers"  is  pro- 
duced by  vibration  of  even  fairly  light  tools  while  the.  fingers  are 
held  in  a  strained  position.  When  the  finders  are  chilled  at  the  same 
time  that  tl^ey  are  cramped,  the  condition  is  aggravated.  Preventive 
measures  include  gloves,  use  of  handles  of  comfortable  size  for  the 
fingers  and  directing  the  exhaust  air  from  air-driven  tools  away 
from  the  hands  so  that  they  will  not  become  unduly  chilled. 
Because  the  condition  is  aggravated  by  gripping  the  vibrating  tool 
too  tightly,  students  should  be  taught  the  proper  way  to  hold 
pneumatic  tools. 
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Nature  of  Sound 


Process  of  Hearing 


Everyone  at  some  time  is  exposed  to  noises  th^t  have  the  potential 
to  damage  the  hearing.  Ordinary  shop  noisesr^or  example,  those 
produced  by  compressors  arid  circular  saws— can  cause  hearing 
damage  if  there  is  sufficient  exposure  time.  Noises  at  high  levels 
of  intensity  do  not  require  lengthy  exposure  time  to  cause  hearing 
damage. 

To  understand  how  hearing  can  be  damaged  by  noise,  we  first 
must  understand  something  about  both  the  characteristics  of 
sound  and  the  process  of  hearing. 

Sound  travels  through  the  air  in  the  form  of  a  series  of  moving 
pressure  disturbances  or  waves.  These  pressure  waves,  which  are^ 
caused  by  minute  back-and-forth  movements  of  the  air  molecules, 
are  formed  by  the  vibration  or  motion  of  the  sound  source*  A 
rough  analogy  to  the  motion  of  sound  waves  in  the  air  is  the 
motion  of  water  waves  on  the  surface  of  a  pool  of  water  when  a 
rock  is  thrown  into  it. 

As  the  energy  is  transmitted,  the  pressure  variations  reach  the 
eardrum,  and  the  vibrations  are  translated,  by  the  hearing  system 
into  a  sensation  called  sound.  A  sound  is  not  a  sound  until  the 
brain  identifies  it  as  such. 

Figure  28  can  be  used  to  t^ace  the  path  of  a  sound  from  its  source 
inside  the  body  through  the  air  to  the  brain: 


8C0C«UA 


(LAir — 


-How  the  ear  hears.  Wave  motions  in  the  air  set  up  sympathetic 
vibrations  which  are  transmitted  by  the  eardrum  and  the  three  bones  in  the 
middle  ear  to  the  •fluid-filled  chamber  of  the  inner  ear.  In  the  process,  the 
relatively  large  but  feeble  air-induced  vibrations  of  the  eardrum^are  converted 
to  much  smaBer  but  more  powerful  mechanical  vibrations  by  the  three  ossicles, 
and  finally  into  even  stronger  fluid  vibrations.  The  wave  motion  in  the  fluid  is 
sensed  by  the  nerves  in  Uie  cochlea,  which  transmit  neural  messages  to  the 
brain. 

Reprinted  with  permission  of  American  Fotindrymen's  Society. 
Figure  28 
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1.  Sound  waves  enter  the  external  auditory  canal  (1)  and  are 
directed  to  the  eardrum  or  tympanic  membrane^  (2), 
causing  it  to  vibrate.  y  ^ 

2.  The  eardrum  passes  the  vibrations  to  the  three  small  bones 
located  within  the  middle  ear:  the  hammer  or  malleus, 
(3),  the  anvil  or  incus  (4),  and  the  stirrup  or  stapes  (5). 

3.  These  three  small  bones  pass  the  vibration  along  to  the 
oval  window  (6),  which  is  connected  to  the  inner  ear. 
The  major  components  of  the  inner  ear  are  the  vestibular 
system  or  semicircular  canals  (7)  and  the  cochlea  (8),  a 
smair-  snail-shaped  bony  structure  filled  with  fluid  and 
lined  with  tiny  hair  cells.  The  oval  window  passes  the 
vibrations  along  to  the  fluid  in  the  cochlea,  which  in  turn 
stimulates  the  hair  cells  in  the  cochlea. 

4.  The  hair  cells  change  the  vibrations, to  electrical  signals 
which  are  carried  to  the  brain  and  identified  by  the  brain 
as  sound. 

Sound  ^may  be  understood  in  terms  of  its  two  basic  characteristics, 
pitch  and  intensity. 

Sound  travels  through  the  air  in  the  form  of  pressure  disturbances 
or  waves.  The  frequency  with  which  the  waves  strike  our  ears 
determines  the  pitch  of  the  sound.  The  higher  the  frequency  of 
the  waves,  the  higher  the  pitch  of  the  sound. 

Within  a  sound  wave,  each  pressure  disturbance  or  bacJfi4=nd-forth 
movement  of  Ithe  air  mol.ecules  is  referred  to  as  a  cycle  of  the 
wave.  The  fre^quency  of  sound  waves  can  therefore  be  measured  in 
terms  of  the  number  of  cycles  per  second  (CPS)  that  are  generated 
by  a  sound  source.  The  unit  commonly  used  to  describe  frequency 
is  Ihe  hertz  (Hz).  One  hertz  is  equivalent  to  one  cycle  per  second. 

A  sound  source  vibrating  rapidly— for  example,  10,000  times  p^r 
second— will  produce  a  sound  that  strikes  our'lars  at  a  frequency 
of  10,000  cycles  per  second  (10,00^*  Hz).  This  is  a  sounS"  of 
relatively  high  pitch,  very  hear  the  upper  limit  of  human  hearing. 
A  sound  source  vibrating  slowly— for  example,  200  times  per 
second— will  produce  a  sound  of  200  cycles  per  second  (200  Hz), 
which  is  a  sound  of  relatively  low  pitch.  %  . 
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2.  Intensity 


Decibels 


Distinguishing  Between  Sound 
and  Noise 


Threshold  of  Hearing 


1 


Temporary  Threshold 
Shift  (TTS7 


Nature  of  Damage  to  the  Eui 


Intensity,  the  second  characteristic  -of*'sound,  is  what  we  com- 
monly understand  by  loudness.  WhUe  the  pitch  of  a  sound  is 
determined  ^by  the  frequency  •  of  the  waves,  the  intensity  of  a 
sound  is  determined  by  the  size  of  the  air  pressure  disturbance. 
A  larger  pressure  disturbance  results  in  a  sound  of  higher  intensity; 
a  smaller  pressure  disturbance  results  in  a  sound  of  lower  intensity. 
* 

Air  pressure  disturbance  of  sound  waves  is  measured  in  units- 
called  decibels  (dB).  The  higher  the  number  of  decibels,  the 
greater  the  ptes^re  disturbance  and  the  more  intense  the  sound. 
The  sound  prodbced  by  a  gasolinerpowered  lawnmower,  at  about 
90  decibels,  wouJd  be  considered  of  high  intensity;  the  souOT  of 
leaves  rustling,  at  about  20  decibels^  would  be  considered  very 
low  intensity. 

The  difference  between  sound  and  noise  is  subjective.  Noise  might 
be  defined  simply  as  unwanted  sound.  Whatever  it  is  called,  noise 
or  sound  can  be  a  definite •  health  hazard,  interfering,  with  job 
performance  and  safety  and  causing  psychological  distress  and  loss 
of  hearing.  ^ 

Everyone  has  whstTTs  known  as  a  threshold-of  hearing,  the  sound 
level  below  which  no  spjjnds  are  heard.  For  most  young  people 
with-  normal  hearing  sensitivity,  this  threshold  of  hearing  occurs 
near  zero  decibels.  The  decibel  scale  was  developed  so  that  its  zero 
point  would  coincide  approximately  with  the  threshold  of  hearing. 

Noise  at  high  levels  pf  intensity  can  raise-^this  threshold  so  that  we 
are  ,unable  to  hear  sounds  at  lower  decibel  levels,  sounds  that 
normally  we  can  hear.  Intense  noise  can  raise  the  threshold  on  a 
tehiporary  or  permanent  basis. ' 

A  Temporary  Threshold  Shift  (TTS)  is  a  condition  in  which  we 
temporarily  lose  the  ability  to  hear  sounds  at  lower  decibel  levels. 
The  TTS  occurs  during  our  exposure  to  potentially  damaging 
noise.  The  TTS  noticed  after  the  noise' has  sufeided  or  after  we 
have  removed  ourselves  from  the  noise.  It  is  at  this  point  that  we 
may  become  aware  that  certain  lower  decibel  sounds  that  are 
normally  easy  to  hear  are  now  more  difficult  to  hear  or  perhaps 
cannot  be  heard  at  all. 

This  threshold  shift  is  the  result  of  damage  to  the  tiny  hair  c 
within  the  cochlea.  These  are  the  cells^that  ultimately  transmit 
sound  to  the  brain  in  the  form  of  electrical  impulses.  When  these 
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cells  are  damaged,  the  brain  does  not  receive  sound  signals.  The 
J     sounds  simply  are  not  heard. 

Intense  noise  damages  the  haiJ:  cells  by  overstimulating  (*  over- 
.  loading  them',  thus  weakening  their  abUity  to  transmit  signals  to 
the  brain*  Given  an  opportunity  to  recover  (being  removed  from 
the  source  of  the  damaging  noise),  the  hair  cells  generally  will  do 
so.  Following  a  recovery  period,  which  usually  is  a  few  hours, 
the  threshold  of  bearing  will  return  again  to  it;B  normal  level. 

But  this  return  to  a  nomial  threshold  level  does  not  always  occur. 
When  it  does  not^  we  eip^ience  a  Permanent  Threshold  Shift 
(PTS).  A  PTS  is  h  condition^  which  we  permanently  lose  the 
ability  to  hear  sounds  at  lowesdecibel  levels.  One  of  the  most 
harmful  effects  of  such  a  hearing  loss  is  that  we  lose  some  of  our 
ability  to  understand  speech.  A  PTS  can  result  from  a  single 
damaging  exposure  to  very  high  intensity  noise  buLmost  'often 
results^  from  exposure  to  moderately  intense  noise  over  an  ex- 
tended period  of  tiijie.' 


A  permanent  hearing  loss  can  occur  over  time  without  our  even 
being  aware'  of  it.  If  exposed  to  sufficiently  high  levels  of  noise 
over  tirie,  we  find  our  ability  to  hear  diminished  Uttle  by  little 
-not  ^ugh  at  any  one  time  forr  the  loss  of  hearing  to  be  notice- 
able.   '  .  ^ 

Unfortunately,  hearing  loss  is  often  noticed  only  after  permanent 
damage  has  been  done.  - 

A  PTS  can  be  the  result  of  a  series  of  temporary  threshold  shifts, 
each  of  which  weakens  the  hair  cells  in  the  cochlea.  The  cumu- 
lative.effect  of  the  temporary  shifts  can  be  that  the  hair  cells  are 
actually  destroyed.  At  this  point,  recovery  is  not  possible.  The 
lower  decibel  so.unds  never  again  can  be  heard.  After  the  first 
permanent  hearmg  loss  has  been  detected,  further  hearing  losses 
can  occur  so  loi^  as  there  continues  to  be  exposure  to  damaging 
noise  at  higher  levels. 

No  one  can  predict 'when  a  Temporary  Threshold  Shift  will 
become  a  Permanent  Threshold  Shift.  Our  ears  can  warn  us,  how- 
ever, when  the  danger  of  permanent  hearing  damage  from  rela- 
tively short  exposure  to  intense  noise  is  imminent. 

Warning  signals,  such  as  a  rihging  in  the  ears  ("tinnitus-*),  a  thres- " 
hold  shift  which  lasts  more  than  a  few  hours  or  a  tickling  sensation 


Permanent  Threshold 
Shift(PTS)  • 


Warning  Signals 
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HOW  NOISE  DAMAGES, 
HEARING 


Four  Major  Variables 


Souiid  Level 


in  the  ears  (which  actually^  a  mild  form  of  pain)  tell  us  that  we 
should  remove  oursslves  from  exposure  to  high  intensity  noises 
or'suffer  the  consequences.  These  warning  signals  also  tell  us  tKat, 
before  returning  to  the  pr9xiraity  of  the  high  intensi^  noises,, 
we  should  take  steps  to  protect  our  Hearing.         '  . 

Unfortunately,  permanent  hearing  loss^often  can  result  from  long- 
term  exposure  to,  noise  levels  which  are  below  the  range  where  we 
perceive  warning  sisals.  It  takes  longer  for  hearing  to  be  damaged 
by  noise  at  these  lower  levels,  but  the  result  is  just  the  same. 

Regardless  of  whether  we  have  been  receiving  warning  signals  of 
hearing  damage,  hearing  tests  should  beipart  of  a  routine  physical 
examination.  A  hearing  test  caii  detect  the  early  signs  of  a  hearing 
loss  and  can  alert  us  to  a  problem  before  more  serious  damage  ^ 
occurs..  ' 

How  intense  must  noise  be  before  it  has  the  potential'  to  damage 
our  hearing,  on  either,  a  temporary  or  a  permanent  basis?  There  is 
no  simple  definitive  answer  to  this  question.  There  are  too  many 
variables  involved.        ,  ^       '  ^  . 

The  four  most  important  variables  are: 

1.  the  level  of  the  sound,  as  measured  in  decibel 

2.  the  length  of  time  to  which  we  are  exposed  to  the  sound 

the  number  and  length  of  .quiet  (recovery)  periods  .betvireen 
periods  of  sound 

4.  our  personal  sensitivity  to  or  tolerance  for  sound. 

% 

The  danger  that  noise  poses  to  our  hearing  is  a  function  of  the 
interaction  of  these  four  variables.  * 

Let  us  examine  the  first  variable,  the  level  of  the  noise. 

•  For  most  persons  the  threshold  of  hearing  occurs  near  0 
decibels,  usually  between  0  and  lOdecibels. 

•  Sounds  below  approximately  40  decibels  are  considered 
low  mtensity  noises.  Examples  include  the  rustling  of 

"  leaves,  a  v/hisper  and  the  ticking  of  a  watch. 


ERLC 


304 


13-12 


•  Sounds  between  40  and  70  decibels  are  considered  moder- 
ate in  intensity  and  include  such  things  as  conversational 
speech,  a  typewriter  and  the  singing  of  birds.    '  ^ 


Sounds  between  70  and  90  decibels  are  considered  Joud 
and  include  such  things  as  a  television,  a  dishwasher  and  a 
table  s^. 

» 

•  Sounds  between  90  and  -100  decibels  are  considered 
.  intense  and  include  such  things  as  a  gasoline-powered 

lawnmower,  a  rock  band  and  an  emergency  siren. 

•  Sounds  between  110  and  130  decibels  may  induce  pain  in 
th6  ears.  Examples  include  nearby  thunder,  sonic  bqpms 
and  jet  plane  takeoffs. 

It  is  at  the  higher  decibel  levels  (80-90  and  above)  that^he  likeli- 
hood of  noise-induced  hearing  damagf,  begins  to  increase  if  an 
individual  is  exposed  to  noise  at.  or  above  these  levels  for  a  suf- 
ficiently long  period  of  time. 

Machinery  in  the  industrial/vocational  educational  shop  produces 
these  higher  decibel  noises.  Spme  examples  infilude: 


Machine 


dB 


Punch  Press, 
Hydraulic  Press 
Circular  Saw 
Wood  Planer 
Oxygen  Torch 


96-108 
130 
105 

98-110 
121  ^ 


life  1 


The  second  variable  affecting  potential  hearing  damage  is^tlie  time 
variable.  Th^  higher  the  intensity  of  the  npise,  the  shorter  the 
time  required  for  hearing  damage  to  occur. 

The  ■  Occupational- Safety  and  Health  Administration  (OSHA) 
•within  the  U.S.  Department  of  Labor  has  established  standards  for 
occupational  noise  exposure.  These  standards  describe  the  lengths 
of  time  beyond  which  a  worker  should  not  be  exposed  to  noise 
at"  various  levels  of  intensity  during  a  normal  eight-hour  working 
day. 


Time  Exposure 


OSHA  Standards 
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Recovery  Periods 


The  following  table  describes  the  permissible  sound  exposures 
established  by  OSHA.  »  • 


.Hours  per  t)ay 
of  Exposure 


A-Weighted 
Sound  Level,  dB 


.  90 
92 
95 
97 

100  . 
102 
lt)5 
110 
115  . 

Reprinted  from  Generaf  industry  OSHA  Safety  and  Health  Standards 
(29  CFR  IQiaSSl  U.S.  Dept  of  Labor,  November  1978.  * 

Note  that  in  this  table  sound  level  is  designated  "A-weighted." 
A-weighting  is  a  sound  measurement  technique  which  filter*  out 
the  low  frequency  sounds  which  the  human  ear  does  not  hear 
well,  thus  roughly  simalating  the  sensitivity  of  the  human  ear  to 
sound  frequency. 

The  table  indicates  tfiat  workers  should  not  be  exposed  to  a  sdund 
level  which  exceeds  90  dB  on  the  average,  for  an  eight-hour  day* 
If  such  exposure  cannot  be  avoided,  steps  must  be  taken  to 
protect  the  worker's  hearing. 

The  table  also  indicates  that  workers  should  not  be  exposed  to 
a  sound  level  which  exceeds  115  dB,  on  the  average,  for  even 
fifteen  minutes  of  a  work  day.  Clearly,  workers  should  never  be 
exposed  to  steady  sound  levels  above  115  dB. 

It  should  be  noted  that  the  OSHA  standards  presented  in  this 
table  apply  only,  to  working  environments.  Our  hearing  is  affected 
by  the  totality  of  the  noise  that,  we  are  exposed  to  in  our  daily 
lives. 

This  brings  us  to  a  third  variable  which  determines  how  noise  can 
damage  hearing:  the  number  and  length  of  quiet  (recovery) 
periods  betyjeen  periods  of  sound. 

If  we  do  work  in  a  noisy  environment  in  which  it  is  possible  to 
experience  threshold  shifts,  we  must  avoid  extended  contact  with 
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noi^  environmenls  outside  of  our  work.  Using  power  shop  tools, 
or  iawnraowers  or  attending  rock  concerts  will  not  allow  our 
hearing  to  recover  from  the  effects  of  day-long  noise  exposure. 

Another  government  agency  concerned  with  the  protection  of  all 
citizens  from  the  damaging  effects  of  noise  has  recommended 
lower  levels, of  safe  noise  exposure.  The  Environmental  Protec- 
tion Agency  (EPA)  recommends  that,  for  ar  eight-hour  workday, 
workers  should  not  be  exposed  to  A-weighted  noise  levels  averag- 
ing greater  than  85  dB. 

r 

The  ^A  goal  exceeds  its  recommendation.  Its  goal  is  to  reduce 
that  A-weighted  noise  level  to  an  average  no  greater  than  75  dB  for 
an  eight-hour  work  day.  Further,  the  EPA  believes  that,  over 
an  entire  24-hour  day,  individuals  should  not  be  exposed  to^ 
A-weighted  noise  levels  averaging  greater  than  70  dB.  This  means.' 
that,  if  a  worker  is  exposed  to  an  average  75  dB  while  at  work, 
the  noise  exposure  for  the  sbcteen-hour  balance  of  the  day  should 
be  low  enou^  to  bring  the  overall  24-hour  average  noise  exposure 
down  to  the  70  dB  level.  . 

The  lower  noise  exposure  goals  of  the  EPA  are  designed  to  protect 
public  health  and  welfare  under  a  wide  range  of  situations,  .and 
they  contain  what  the  .EPA  believes  is  an  adequate  margin  of 
safety  for  hearing. 

The  difficulty  in  stating  preciseg^  what  an  adequate  margin  of 
safety  should  be  for  all'persops  in^all  types  of  jobs  brings  us  to  the 
fourth  variable  affecting  potential  hearing  damage,  individual 
differences.  Because  all  of  us  differ  from  one  another* innrarigus 
ways,  including  hearing,  safe  level  of  noise  exposure  for  one 
pereon  may  not  be  safe  for  another.  The  f act Jthat  others «iay  not 
report  any  hearing  difficulty  resulting  from*  .work  iK  a  noisy 
environment  does  not  mean  that  a  gi^en  individual  will  not  suffer 
hearing  damage  in  the  same  environment. 

In  general,  there  are  three  basic  ways  to  control  noise: 

1.  at  its  source  .  . 

2.  along  its  path 

3.  at  the  point  of  hearing  through  the  use  of  protective 
equipment' 


'EPA  Recommendation 
and  Goal'- 


Individual  Differences  t 


NOISE  CONTROL 
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Cc^.loi  3f  noise  at  its  source  is  probably  che  best  approach.  The 
reason,  quite  simply,  is  that,  if  a  piece  of  equipment  or  a  tooMs 
operating  or  is  made  to  operate  at  a  ^fe  noise  level,  there  is  no 
hearing  danger  posed  and  no  need  to.  use  additional  approaches  to 
noise  Control. 

If  source  control  is,  not  possible,  the  ne::t  beTt  approach  is  to 
control  the  noise  along  its  path.  Such  control  limits  the  number  of 
persons  exposed  to  the  noise.  However,  it  does  not  always  elimi- 
nate the  noise  problem  for  all  persons  affected,  especially  those- 
working  directly  with  or  very  near  the  noise  source,  and  it  often 
requires  that^new  noise  control  steps  be  taken  whenever  equip- 
ment is  moved  or  work  sites  are  changed. 

*  *  *  . 

The  use  of  ear  protection, equipment  is  not  as  desirable  as  either, 

source  control  or  path  control.  It^ff prds  protection  only  to  those 
on  or  near  the  site  who. are  wearing  the  equipment,  and  students 
.must  be  willing  'o  wea?  hearing  protectors  whenever  they  are 
exposed  to  pot^tially  ^dangerous  noise.  Further,  certain  condi- 
tions* and  activities  can  reduce  the  effectiveness  o/  -the  hearing, 
protectors  themselves. 

Source  control  begins  with  a 'careful  analysis  of  , the  noise-pro- 
ducing equipment,  to  isolate  the  hiajor  sources  of  noise  within  the' 
equipment'  and  to  determine  how  the  noise  is  being  transmitted 
from  these  sources.  The  uiajor  noise  source  may  be  an  engine  or 
a  motor,  but  the  nobie  itselV  may  be  transmitted  as  vibration 
other  parts  of^the  equipment  which,  in  turn,  radiate  the  noise 
heard  outside  the  equipment.  In  source  control;  botbthe  major 
noise  source  and  the  secondary  noise  radiators  must  examined 
and  quieted.to  the  greatest  extent  possible.    .  ' 

The  U.S.  Environmental  Protection  Agency*  has  outlined  some 
specific  applications  of  source  control.  These  are  listed  in 'Appen- 
dix A  following  this  unit.  Briefly  stated,  they  include  the  follow- 
ing: •  .  .  ' 

1.  Reduce  impact  noise. 

2.  Reduce  speed  ol  moving  and  rotating  parts. 

3.  Reduce  pressure  and  flow  .velocities  iri  circulating  systems. 

I 

4s  Balance  rotating  part  .  —  « 
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5.  Reduce  triction'in  rotating,  sliding,  and  moving  parts. 

6.  Reduce  flow  resistance  in  circulation  systems. 

7.  Isolate  vibration  within  equipment. 
^  .... 

8.  Reduce  the  size  of  the  surface  radiation  and  noise. 

9.  Apply  vibration-damping  materials  to  vibrating  parts  and 
surfaces. 

10.  Reduce  the  leakage  of  noise  from  within  equipment. 

Approaches  to  control  of  noise  at  its  source  are  simple  and  logical. 
Approaches'  such  as  these  should  constitute  our  first  line  of  de- 
fense against  noise  produced  by  equipment  and  tools. 

In  situations  where  source  control  measures  will  not  work  or  such 
methods  will  not  lower  the  noise  level  to  a  safe  pqint,  control  of 
noise  along  its  path  to  the  ear  must  be  considered.  ^ 

In  path  control  we  attempt  to  block  or. reduce  noise  before  it 
reaches  our  ears.  This  can  be  done  by 

1.  containing  or  enclosing  the  noise 

2.  absorbing  the  noise  along  its  path 

3.  deflecting  the  noise  away  from  our  ears 

'  4.  separating  the  noise  from  the  hearer. 

The  approach  that  is  chosen  depends  on  the  type^of  equipment  or 
tool  and  the  environnient  in  which  we  are  working,   c  Ji 

Reducing  the  leakage  of  noise  from  within  equipment  is  a  basic 
approach  which*  applies  both  to- source,  control  and  path  control. 
Enclosing  a  noisy  piece  of  equipment  in  a'box  or  a  room  <n  cover- 
ing a,  noisy  pipe  with  a  heavy  sound-absorbing  material  can  ef- 
fectively .quiet  noise.  Obviously,  this  may  not  be  practical  for 
highly  mobile- equipment.  But  -for  noisy  equipment  that  is  sta- 
tionary or  infrequently  moved,  it  should  be  considered. 

Absorbing  nc^^Js  another  approach  common  to  both  source 
control  and  path  control.  Sound-absorbing  materials  or  acoustic 
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Enclosing  Noise 


Absorbing  Noise  < 
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Deflecting  Noise 


0 


Separating  Noise  and  Hearer 


PROTECTIVE  EQUIPMENT 


linmg  in  a  box  or  room  can  be  used  to  enclose  equipment  noise. 
Noise  transmitted  from  its  source  through  ducts,  pipes  or  elec-^ 
trical  channels  can  be  reduced  through  the  use  of  sound-absqijblng 
materials.  The  inside  surfaces  of  these  noi^  passageways  can  be 
lined  with  glass  fiberb^ard,  and  the  ducts,  pipes  or  channels  can  be 
wrapped  with  ^  glass  fiber  blanket.  Baffles  constructed  of  glass 
•fiberboard  can  be  installed  inside  the  noise  passageways. 

K 

Screens  or  baniers  can  be  used  to  deflect  the  noisp  that  is  gener- 
ated by  equipment  and  tobls.  Much  noise  can  be  literally  "walled- 
in".by  barriers  which  sunound  the  noise  source.  This  can.be 
aided  by  liniiig  the  ^arriers^-whieh  may  be  wood' or  jmetal  panels 
—with  sound-absorbing  material;  '  *  , 

But  barriers  do  not  have  to  surround  the  noise  source  to  be  ef- 
fective in  reducing  noise  transmission.  If  it  is  sufficiently  large,  a 
free-standing  wall  between  the  noise  source  and  a  hearer  can  re- 
flect much  of  the  noise  and  create  a  noise  "shadow"  to  protect 
the  heaver.  *      *  s 

Putting  distance  between  the  noise  source  and  the  persons  exposed 
to  the  noise  is  a  simple  and  effective  approach  to  path  control. 
The  furtlier  away  from  the  noise  source  we  work,  the  lower  the 
noise  level  we  receive.  ^    .  ^ 

The  rfeed  for  personal  hearing  protection  arises  when  source  con- 
trol and/or  path  control  are  not  present,  when  source  and/or  path 
control  do  hot  lower  noises  to  safe  levels,  or  when  a  worker  carl- 
'not  avoid  direct  exposure  to  noisy  equipment  and  tools.  There  are 
three  bucic  types  of  personal  protective  hearing  devices: 

1.  Disposable  pliable  materials,  such  as  fine  glass  wool,  min- 
eral fibers  and  wax-impregnated  cotton,  may  be  inserted 
in  the  ear.  It  must  be  fresh  each  day.  Though  such  material 
offers  some  level  of  hearing  protection,  it  does  not  provide 
the  same  benefits  as  do  other  devices. 

2.  Ear  plugs  may  be  inserted  in  the  ear.  These  must  be  in- 
dividually fitted  to  the  wearer. 

3.  Cup-type  protectors— like  ear  muffs— may  be  worn  with 
the  band  over  the  head  or  around  the  back  of  the  neck  or 
may  be  incorporated  into  safety  helmets. 
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The  amount  of  noise  protection  afforded  by  these  devices  varies 
from  one  device  to  *another  at  different  sound  frequencies.  Al- 
though it  is  difficult  to  generalize  for  all  of  the  devices  available 
commercially,  the  wearer  of  ^  he-^ring  protection  device  may 
exj^ect  noise  reduction  ranging  from  10  'dB  to^over  40  dB  at 
Certain  frequencies.  Hearing  protective  devices  will  b€*  discussed 
further  in  Unit  14. 

While  source  control,  path  control  and  control  at  point  of  h6ar« 
ing  are  generally  accepted  as  the  three  basic  approaches  to  noise 
control,  there,  is  a  fourth  factor  which  directly  affects  the  need  for 
these  three  approaches  and  the  amount  of  noise  to  which  students 
and  instructors  ^re  exposed.  This  fourth  factor  may  be  termed  t^ie 
management  of  noise  control.  | 

The  management  of  noise  corjtrol  refers  to  the  administrative 
decisions  that  are  made  to  purchase  certain  types  of  equipment, 
and  tools,  to  use  certain  procedures  and  to  schedule  work  during 
{certain  parts  of  the  work  period. 

It  is  obvious  that  the  purchase  of  equipment  can  affect  the  noise 
level  on  a  work  site.  If  relatively  noisy  equipment  is  purchased, 
the  noise  exposure  will  be  higher,  and  i.he  need  for  source,  path 
and  point-of-hearing  controls  will  be  greater. 

Opportunities  for  decisions  which  have  positive  effects  on  noise 
control  present  themselves  whenever  a  piece  of  equipment  or  a 
tool  becomes  damaged,  wori)  out  or  obsolete  and  must  be  re- 
placed. Dfeoisions  to  replace  equipment  and  tools  with"  the  quietest 
models  availaT)le  should,'  over  time,  result  in  a  much  quieter  and 
safer  shop*  •  . 

Decisioiis^to  choose  certain  work  procedures  over  others  can  also  - 
affect  noise  levels  in  some  obvious  ways.  For  example,  if  material 
can  be  either  welded  or  riveted,  the  choice  of  welding  would 
resulf  in  less  noise  generation.  If  concrete  can  be  mixed  off  the 
site  as  well  as  on,  the  decision  to  mix  off  the  site  would  result, 
obviously,  in  less  noise  on  the  site. 

When  noise  is  generated  may  be  as  important  a  consideration  as 
how  much  noise  is  generated.  While  this  approach  may  be  diffi- 
cult in  the  industrial/vocational  education  environment,  it  may  be 
possible  to  alter  schedules'  for  some  noisy  operations  in  order  to 
minimize  the  number  of  persons  exposed  to  high  noise  levels. 
Decisions  also  can  be  made  to  schedule  noisy  procedures  for 
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CHEMICAL  AGENTS 


Defining  Chemical  Hazards 


PROCESSES 
OPERATIONS  WHICH 
INV.OLVE  TOXIC  AND 
CORROSIVE  AGENTS 

Metal  working 


Electroplating 


several  short  periods  of  time  during  a  day  or  o*er  a  number  of 
days  rather  than  in  one  long,  continuous  perioc 

Having  completed  our  examination  of  biological  and  physical 
agents,  \ye  come  to  the  third  category  of  health  hazards,  chem- 
ical agents. 

Chemical  hazai'ds  may  be  defined  as  Vchemicals  thay  may,  under 
specific  circumstances,  cause  injury  to  persons  or  damage  to 
property  because  of  reactivity,  instability,  spontaneous  decom- 
position, flammability  or  volatility."^  Under  this  heading  are 
included  substances,  mixtures  or  compounds  which  are  explosive, 
corrosive,  flammable  or  toxic. 

Explosives  are  substances,  mixtures  or  compounds  which  can  enter 
into  a  combustion  reaction  so  rapidly  and  violently  that  they  can 
cause  an  explosion. 

Corrosives  can  destroy  living  tissues.  Their  destructive  effefit  on 
oth?*r  substances,  particularly  on  combustible  materials,  may  re- 
sult in  a'  fire  or  explosion. 

Flammable  liquids  are  those  liquids  with  a  flash  point  of  100^ 
(38°C)  or  less.  As  we  saw  in  the  previous  unit  on  fire  protection, 
combustible  liquids  (those  with  flash  points  above  10(3^)  also 
may  be  hazardous. 

Toxic  chemicals  are  those  gases,  liquids  or  solids  which,  through 
their  chemical  properties,  can  produce  injurious  or  lethal  effects 
upon  contact  with  body  cells. 

Work  in  the  industrial/vocational  education  shop  requires  pro- 
cesses and  operations  where  contact  with  hazardous  materials  is 
inevitable.  Four  examples  aro  metalworking,  electroplating, 
painting  ana  gaining  and  the  cleaning  of  metal  parts, 

Metalworking  inevitably  produces  fumes  and  dust.  Fumes  are  very 
small  particles  formed  by  the  vaporization  of  metal  during  torch- 
cutting,  burning  or  welding  operations,  whereas  metal  dust  is 
genet^ted  by  grinding.  Special  precautions  such  as  exhaust  ventila- 
tion and  the  wearing  of  respirators' and  eye  protection  need  to  be 
taken  when  cutting,  burning  or  grinding  scrap  containing  alloys 
of  the  more  toxic  metals,  such  as  lead,  zinc,  cadmium  oi  beryllium. 

Electroplating  processels,  used  extensively  for  decorative  purposes 
and  for  producing  tarnish-resistant  finishes,  involve  hazards  of 
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skill  contact  and  inhalation.  Because  the  skin  may  be  exposed  to 
strong  acids  and  alkalis,  emergency  eye  wash  and  shower  facili- 
ties are  required:  Because  mists  or  gases  from  plating  solutions 
represent  a  respiratory  hazard  if  dispersed  into  the  air  of  the 
workplace,  ventilation  is  required. 

Chromic  acid  is  used  in  chrome  plating.  Skin  contact  causes 
dermatitis  and  burns  known  as  "chrome  holes."  The  major  hazard 
to  health,  however,  is  the  inhalation  of  chromic  acid  mist  or  vapor, 
which  causes  irritation  of  the  upper  respiratory  passages  and  may 
result  in  perforation  of  the  nasal  septum.  Industrial  poisoning  has 
occurred  from  inhaling  the  mist  of  solutions  containing  as  little 
.^as  five  percent  chromic  acid.  Local  exhaust  ventilation  should  be 
used  with  all  chromic  acid4;anks.  \  ■ 

Copper  plating  baths  are  both  acid  and  alkaline  types.  The  cyanide 
salts  in  the  alkaline  bath  are  the  gireatest  hazard  in  copper  plating. 
.  These  salt  particles  niay  become  airborne  when  the  tanks  are 
charged.  jCyanide  solutions  are  readily  absorbed,  and  skin  contact 
must  be  avoided.  Local  exhaust  ventilation  systems  are  required  to 
draw  off  the  vapors,  respirators  may  be  needed,  and  workers  must 
limit  skin  contact  through  the  use  of  gloves  which  the  cyanide 
cannot  penetrate.  Good  personal  hygifene'  practices  must  be 
sj;ressedv  including  frequent  washing  of  exposed  skin  areas,  par- 
ticularly before  eating- or  smoking.  If  a  cyanide  salt  solution  is 
mixed  with  acid,  deadly  hydrogen  cyanide  gas  can -result.  All 
traces  of  acid  must  be  rinsed  away  from  parts,  before  they  are 
immfersed  in  the  cyanide  vat. 

Zinc  and  cadmium  plating  operations  also  use  cyanide  baths. 
As  with  copper  plating,  care  must  be  exercised  to  avoid  contact 
with  the  cyanide  solution  and  to  prevent  a  cyanide/acid  mix. 

Painting  and  staining  are  two  of  many  industrial/vocational 
education  shop  processes  which  use  solvents.  Whenever  solvents 
are  used,  health  hazards  are  present. 

What  is  a.solvent?  It  is  a  material  used  to  dissolve  another  material. 
Although  the  physiological  effects^of  different  solvents  vary, 
generally  they  include: 

1.  dermatitis  , 

2.  irritation  of  the  respiratory  tract 
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3.  interference  with  tl^  central  nervous  system. 

Skin  contact  with  solvents  may  cause  dermatitis,  ranging  in 
severity  from  a  simple  irritation  to  actual  damage  to  the  skin. 
Even  the  most  inert  solvents,  can  dissolve  the  natural  protective 
barriers  of  fats  and  oUs,  leaving  the, skin  unprotected.  When  these 
natural  lubricants  are  i:emoved,  the  skin  becomes  subject  to  dis- 
abling and  possibly  disfiguring  dermatitis  and  the  way  to  serious 
infection  is  opened.  Some  of  the  newer  paints  contain  hardeners 
and  other  additives  that  can  cause  skin  rashes. 

Students  sometimes  wash  their  hands  in  such  solvents  as  mineral 
spirits  and  turpentine.  These  solvents  take  the  fats  out  of  the  skin, 
increasing  the  chance  for  skin^rashes.  In  some  cases,  they  can  be 
absorbed  through  the  skin.  Students  must  be  ins.tructed  in  specific 
procedures  for  cleanliness.  They  "should  remove  with  waterless 
jiand  cleaners  any  paints  or  stains  which  get  on  their  skin.  Solvent- 
resistant  gloves  and  long-sleeved  shirts  worn  while  painting*  will 
prevent  the  paints  or  stains  from  contacting  the  skin  in  those 
areas. 

Another  principal  mode  of  exposure  to  solvents  is  the  inhalation 
of  vapors.  Such  exposure  may  result  in  throat  irritation  and 
bronchitis  and  eventual  damage  to  the  blood,  liver,  kidneys  and 
respiratory  and  gastrointestinal  systems.  Engineering  controls 
(e.g.,  ventilation),  good  wdrk  practices  and  personal  protection 
devices  limit  such  exposures. 

All  organic  solvents  affect  the  central  nervous  system.  Depending 
upon  the  degree  of  exposure  and  the  solvent  involved,  these 
effects  may  range  from  mild  narcosis  to  death  from  respira- 
tory arrest.  Because  solvents  act  as  depressants  and  aiiesthetics, 
they  can  cause  drowsiness  and  loss  of  coordination,  incre^ing  the 
risk  oX  accidents.  Thinners  used  in  most  paints  will  have  a  narcotic 
effect  on  students,  and  long-term*  exposure  itiay  cause  irreparable 
liver  and  lung  damage.  Respirators  should  be  worn  in  the  spray 
area  or  paint  booth,  and  ventilation  should  be  provided.  ' 

Strong  corrosive  solutions  are  used  for  cleaning  metal  parts  in  dip 
tanks,  reusable  filters,  etc.^  When  such  caustics  are  used,  con- 
trolled procedures  aro-i^ecessary.  Because  skin' contact  will  cause 
severe  burns,  rubber  gloves  and  a  face  shield  or  goggles  should  be 
worn  when  handling  caustics.  Any  caustics  that  contact  the  skin 
must  be  washed  off  immediately.  A  safety  shower  and  eye  wash 
fountain  shouWibe  installed  where  caustics  are  handled. 
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Table  16  describes  the  hazards  implicit  in  sonte  Qth^ 'processes 
and  operations  common  to  the  industrial/vocational  education 
shop. 

V 

TABLE  16    -  ^  *" 

.  INDUSTRIALA/OCATIONAL  EDUCATION  OPERAJIONS 
AND  THEIR  ASSOCIATED  HEALTH  HAZARDS 

Abrasive  MachinitS.  An  abrasive  machining  operation-is  characterized  by  the  removal  of  material  from  a  work- 
piece  by  the  cutting  action  *of  abrasive  particles  contained  in  or  on  a  machine-tool .  The  workpiece  material  ir^~ 
removed  in  the  form  of  small  particles  and,  whenever  the  operation  is  performed  dry,  these  particles  are  ^ 

projected  into  the  air  in  the  vicinity  of  the  operation.  * 
V  f  y  .» 

Ceramic  Coating.  Ceramic  coating  ni?y  present  the  hazard  of  airborne  dispersion  of  toxic  pigments  plus  hazards 
of  heat  stress  from  the  fuiipaces^and  hot  ware. 

Dry  Grinding.  Dry  grinding  operations  should  be  examined  for  airborne  dust,  noise  anc  srgonumic  hazards. 
»  »  *  • 

Forming  and  Forging.  Hot  bending,  forming  or  cutting  of  metajs  or  nonmetals  may  have  the  h'Slzards  of  lubricant 
mist,  decomposition  products  of  the  lubricant,  skin  contact  with  the  lubricant,  heat  stress  (including  radiant 
heat),  noise  and  dust. 


Gas  Furnace  or  Oven  Heating  Operations  (Annealing,  Baking,  Drying,. Etc.).  Any  gas  or  oil  fired  combustion  pro 
cess  should  be  examined  to  deterrp1n?1bft  level  of  .by-products  of  combustion  that  may  be  released  into  the 
workroom  atmosphere.  Noise  frjea^rements  should  also  be  made  to  determine  the  level  of  burner  noise.  . 


Grinding  Operations.  Grinding,  crushing  or  comminuting  of  any  material  may  present  the  hazard  of  contamination 
of  workroom  air  due  to  the  dust  from  the  material  being  processed  or  from  the  grinding  wheel.  ^ 

High  Temperatures  from*  Hot  Castings,  Unlagged  Steam  Pipes,  Process  Equipment.  Etc.  Any  procsss  or  operation 
involving  high  ambient  temperatures  (dry-bulb  temperature),''  radiant  heat  load  (globe  temperature)  or 
excessive  humidity  (wet-bulb  temperature)  should  be  examined  to  determine  the  magnitude  of  the  physical 
stresses  that  may  be  present. 

Molten  Metals.  Any  process  involving  the  melting  and  pouring  of  molten  metals  should  be  examined  to  determine 
the  level  of  air  contaminant?  of  any  toxic  gas,  metal  fume  or  dust  produced  in  the  operation. 

Open>Surface  Tanks.  Open-surface  tanks^  are  utilized  by  industry  for  ijumerous  purposes.  Among  their  applications 
can  be  included  thelcommOQ  operations  of  degreasing,  electroplating,  metal  stripping,  fur  and  leather  finishing, 
dyeing  ^jjd  pickling.  An  open-surface  tank  operation  is  defined'as  "-any  operation  involving  the  immersion  of 
materials  imnquids,w{iich  are  contained  in  puts,  tanks,  vats  or  similar  containers."  Excluded  from  considera- 
tion in  thisStoft^Uifln,  however,  are  certain  similar  operations  such  as  surface-coating  operations  and  opera- 
^    tif^r.:  involving  molten  metals  for  which  different  engineering  control  requirements  exiy. 

Paint  Spraying.  Spray  painting  operations  should  be  examined  for  the  possibility  of  hazards  from  inhalation  and 
skin  contact  with  toxic  and  irritating  solvents  and  inhalation  of  toxic  pigments.  The  solv^  vapor  evaporating 
from  the  sprayed  surface  may  also  be  a  source  of  hazard,  because  ventilation  may  be  provided  only  for  the 
pain^t  spray  booth.  ^ 

Plating.  Electroplating  processes  involve  risk  of  skin  contact  with  strong  chemicals  and  in  addition  may  present 
a  respiratory  hazard  if  mist  or  gases  from  the  plating  solutions  are  dispersed  into  the  air  of  the  shop. 

%  * 

Vapor  Degreasing.  Thp  removal  of  oil  and  grease  from  metal  products  may  present  hazards.  This  operation  should 
be  examined  to  determine  that  excessive  amounts  of  vappr  are  not  being  released  into  the  shop  atmosphere. 
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Welding-Gas  or  Electric  Arc.  Welding  operation^  generally  involve  melting  qf  a  me^al  in  the  presence  of  a  flux 
or  a  shielding  gas  by  means  of  a  flame  or  an  electric  arc.  The  operation  may  product  gases  o/f umes  from  the 
metal,  the  flux,  metaS  surface  coatings  or  surface  contaminants.  Certain  tcxic  gases  such  a^ozone  or  nitrogen 
dioxide  may  als^  be  formed  by  the  flame  or  arc.  If  there  is  an  arc  or  spark  discharge,  t^e  effects  of  radiation 
amd  the  products  of  destruction  of  the  electrodes  should  be  investigated.  These  operations  also  commonly^ 
involve  hazards  of  hiyh  potential  eletrical  circuits  of  low  interr)al  resistance. 

Wet  Grinding.  Wet  grinding^of  any  material  may  product  possible  hazards  of  mist,  dust ^d  noise 


AdaptMl  and  reprinted  from  Compliance  Operations  Manual,  U.S.  Department  of  Labor,  OJ  3HA  2006,  January  1972,  pp.  Xlli-3-8. 
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Many  other  toxic  and  corrdsive  agents  are  used  in  various  shop 
operations.  Appendix  B  to  this  unit  contains  brief  descriptions  of 
the  following:  alumimrm)  antimony^  arsenic,  asbestos,  benzene, 
cadmium;  carbon  mjanoxide,  chromium,  chlorinated  hydrocarbon 
solvents,  cobalt,  epoxy  resins,  fluorides,  hydrochloric  acid,  'iron 
oxide,  lead,  jjme,  magnesium,  ^manganese,  mercury,  nitrogen 
oxide,  nitrogen  dioxide,  nitric  acid,  oxalic  acid,  ozone,  pfiosgene^ 
refrigerants;^silicon  dioxide,  sulf u^c  acid  and  zinc. 

Inforpiation  concerning  all  hazardous  materials  used  in  the  indus- 
trial/vocational education  shop  should  *be  available  to 'instructors, 
a;ra. students  alike.  Proper  labeling  is  a  fundamental  part  of  a  safe 
4cnd  effective  operation.  Labeling  has  two  principal  functions: 

1.  adeguate  identification— what  the  material  is  and  where  it 
camefrom^      .  . _  ^ 

2.  precautionary  information  for  safe  handling  of  all  chemi- 
cals having  significant  material  hazard. 

Purchased  materials  always  have  either  the  chemical  or  common 
name  pt  the  materials,  the  name  of  the  manufacturer  and  a  lot 
number.  If  the  chemical  is  flammable,  a  flash  point  may  be  shown 
on  the  label , accompanied  by  a  precaution  regarding  fire  hazard. 
If  the  material  is  conosiye,  toxi(^,  reactive  or  unstable,  other  pre- 
cautionary information  is  usually  shown.  ^ 

Absence  of  precaution  on  the  label  does  not  necessarily  mean  that 
there  is  no  hazard.  Some  manufacturers  are  not  diligent  in  provid- 
ing stnrh  information,  and  some  purchasing  agents  are  not  con- 
scientious in  channeling  information  to  the  sh6f>  instructor  and 
supeivisor. 
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Absence  of  labels  can  be  very  dangerous.  When  hazardous -mate- 
rials are  found  in  containers  with  no^  identifying  label  or  with  a  ^ 
label  illegible  from  contact' with  .cjife^icals,  such  containers  must 
be'  removed  until  they  can  "be  'id^iitified  and  labeled*  If  such 
identification  cannot  be  made,  the  material^ should  be  disposed  of. 
Liability  suits  often  are  based  on  inadequate  labeling  of  a  material 
involved  in  an  accident.  Good  labeling  practice  helps  protect  the 
teacher  and  school  from  such  litigation. 

N 

The  Federal  Hazardous  Substances  Act,  now  administered  by  the 
Consumer  Product  Safety  Commission,  requires  precautionary 
labeling  on  all  flammable,  corrosive,  reactive,  toxic  or  radioactive 
substances  intended  for  non-industrial  use. 

The  U.S.  Department  of  Transportation  requires  certain  shipping 
labels  on  packages  of  hazardous  materials  carried  interstate.^ 

The  Occupational  Saf|ty  and  Health  Act  has  a  general  duty  clause 
requiring  an  employer  to  provide  a  safe  place  of  employment. 
Unlabeled  or  inadequately  labeled  hazardous  materials  could  be 
construed  as  a  violation  of  this  act. 

The  National  Fire  Protection  Association,  in  its  NFPA  704M, 
Standard  System  for  ,the  Identification  of  the  Fire  Hazards  of 
Materials,  has  developed  a  popular  hazardous  materials  identifica- 
tion system.  The  NFPA  System  relies  on  a  diamond-shaped  dia- 
gram divided  into  four  parts  (see  Figure  29). 

FIRE 

JREO) 


SPECIAL 

(WHITE) 


Adapted  from  NFPA  704M,  Standard  System  for  the  Identification'of 
the  Fire  Hazards  of  Materials,  1979,  National  Fire  Codes,  and  reprinted 
with  permission. 

Figure  29 
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The  top  segment  indicates  the  flammability  hazard  and  is  colored 
red.  The  segment  to  the  left  of  the  fire  hazard^indicate?  the  hpalth 
hazard  of  the  material  and  is^  colored  blue*  The  se^ent  to  the 
right  of  the  fire  hazard  mdicates  the' reactivity  hazard  and  is 
colojred  yellow.  The  bottom  segment  is  reserved  to  identify 
special^formation  of  which  the -user  should  be  aware.  For  ex- 
,  ample,  a  W- with  a  line  drawn  through  it  (W)  indicates  xmusual 
reactivity  with' water.  Oxidizing  chemicals  are  identified  by  an 
OXY  in  the  bottom  segment,  .and  radiation  hazards  are  identi- 
fied with  the  radiation  symbol. 

The  hazard  rating  for  each  category  ol'  hazard  pertaining  to  a 
^ven  material  is  indicated  by  a  number  in  the  appropriate  seg- 
ment. The  number  scale  ranges  from  O'to  4,  with  materials  desig- 
nated as  0  presenting  little  or  no  hazard  and  materials  designated 
as  4  presenting  .extreme  hazard  (see  Table  15).  It  should  be  noted 
that  the  health  hazard  designations  refer  only  to  the- immediate 
acute  effects  of  exposure  to  the  chemical.  The  chronic  long-term 
health  effects  are  not  taken  into  account. 

What  meaning  do  the  health  hazard  designations  have  for  mdus- 
trial/vocational  education  operations?  Because  materials  design 
nated  4  and  3  present  extreme  danger,  it  is  most  unlikely  that 
they  wi'l  be  present  in  the  shop.  A2  indicates  materials  which 
are  hazardous  to  health;  their  use  requires  a  full-faced  mask  which 
^provides  eye  protection  and- a  self-confined  breathing  apparatus. 
Ai  indicates  materials  where  a  self-contained  Breathing  apparatus 
(e.g.,  an  approved  canister  fype  gas  mask)  may  be  desirable.  AO 
indicates  '  that  persons  working  with  the  material  require  x:o 
special  clothing.  ^  • 

The  NFPA  hazard  symbol  is  a  method  by  which  the  instructor  and 
student  can  see  at  a  glance  the  dangers  presented  by  a  particular 
-  substance.  It  helps  to  ensure,  proper  storage  and  use  of  chemicals 
and  solvents.  Some  manufacturers. include  the  diagram  on  t^evc 
labels.  In  order  to  make  his  own  hazard  symbol,  the  instructor 
will  need  to  refer  to  label  statements -and  detaUed  Material  Safety 
Data  Sheets  (see  Appendices  C  arid  D). 

Perhaps  the  major  limitation  to  the  NFPA  system  is  that  it  4oes 
not  identify  the  specific  chemical  involved,  only  what  hazards  it 
represents. 

The  National  Institute  f or^  Occupational  Safety .  and  Health 
(NIOSH)  has  a  system  which  mcorporates  the  NFPA  Standard 


NIOSH  Identification  System 
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TABLE  15 
NFPA  HAZARQ. CODING  SYSTEM 


Identification  of  HealtmHazard 
Color  Code:  BLU^[ 

Mentification  of  Flammability 
Color  Code:  RED 

 J— 

Identification  of  Reactivity  * 
(Stability)  Color  Code:  YELLOW 

Signal 

Type  of  Possible  Injuw 

^  Susceptibility  of  Materials  to.Burning 

Susceptibility  to  Release  of  Energy 

Signal 

Signal 

1  ~ —  — 

4 

Materials  which  on  very  shoht  exposure 
'could  caus%  death  or  major  residual' 
injury  even  though  prompt  medical 
treatment  were  given..  / 

4 

Materials  which  will  rapidly  or  com- 
pletely vaporize  at  .atmospheric  pressure 
and  norrnal  ambient  temperature,  or 
whicfi  are  readily  dispersed  in  air  arid 
which  will  burn  readily. 

4 

Materials  which  in  themselves  are 
readily  capable  of  -detonation  or  'of 
explosive  decomposition  or.  reaction  at 
normal  temperatures  andfpressures. 

0 

Materials   which  on   short  exposure 
could   cause    serious   temporary  or 
residual  injury  even  though  prompt 
medical  treatment  were  given. 

3 

Liqutis  and  solids  that  can  be  ignited 
unaer  aimosi  an  amoieni  lemperarure 
conditions. 

3 

Materials   which   in   themselves  are 
capable  of  detonatioh  or  explosive  reac* 
tion  but  require  a'  strong  initiating 
source  or  which  must  be  heated  under 
*  confinement  before  initiation  or  which 
react  explosively  with  water. 

2 

Materials  whicH^  on  intense  or  con* 
tinued   exposure   could*  cause  tem- 
porary incapacitation  or  possible  resi- 
dual  injury   unless  prompt  medical 
treatment  is  given. 

2 

Materials   th^t  must  be  moderately 
ncdicu  or  exposeu  lo  reiauveiy  nign 
ambient  temperatures ,  before  ignition 
can  occur. 

CM 

Materials   which    in   themselves  are 
normally  unstable  and  readily  under* 
go  violent  chemical  change  but  do 
not  detonate.  Also  materials  which 
may  react  violently  with  water  or 
,  which  may  form  potentially  explosive 
mixtures  with  water. 

1 

Materials  which  on  exposure  would 
cause  irritation  but  only  minor  residual 
injury  even  if  no  treatment  is  given. 

1 

Maferials  that  must  be  preheated  before 
ignition  can  occur.  ^ 

1 

Materials  which  in  themselves  are 
normally  stable,  but  which  can  become 
unstable  at  elevated  temperatures  and 
pressures  or  which  may  react  with  water 
with  some  release  of  energy  but  not 
violently. 

0 

Materials  which  on  exposure  ^under 
fire  conditions  would  offer  no  hazard  . 
beyorul  that  of  ordinary  combustible 
material. 

0 

Materials  that  will  not  burn. 

 3  ^  

0 

Materials  which  in  themselves  are  norm- 
ally stable,  even  uMer  fire  exposure 
conditions,  and  which  are  not  reactive 
with  water. 

Reproduced  with  pemilssion  from  NFPA  704,  Standard  System  for  the  Identification  of  the  Fire  Hazards  of  Materials,  1979,  National  Fire  Codes. 
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while  providing  more  specificity  (the  trade  or  chemical  name)  and 
more  detail.  Tn  a  criteria  document  entitled  Identification 
System  for  Occupational  Hazardous  Materials^  NIOSH  recom- 
mends that  the  label  contain  the  following:  - 

1.  the  trade  name.or  chemical  name  of  the  product 

.  2. '  a  hazard  symbol  consistingt)f  three  rectangles  containing, 
terse  indications  of  a  relative  health  hazard,  fire  hazard 
and  reactivity  hazard         '  i 

*■  • 

3.  appropriate  statements  on  the  hature  of  the  hazard 

4.  appropriate  action  statements 

5.  emergency  action  and  first  aid  statements 

6.  cleanup  and  disposal  statements  whpre  appropriate. 

,  4 

Adoption  of  this  or  a  similar  system  by  OSHA  would  standardize 
labels  for  industry  and  for  other  users  of  reagent  chemicals. 
Examination  of  each  part  of  the  ricommendation  shows  that  the 
first  part  providesWhat  the  NFPA  system  does  not,  the  trade  or 
chemical  name  of  uftn  product.  The  second  part  incorporates  the 
NFPA  hazard  symbol.just  discussed.  ,         '  ' 


The  remainder  o£^  the  .recommendations*  are  l^b^statements. 
Such  statements  convey  more  information  than  the  'hazard 
symbol  and  less  information  than  the  Material  Safety  Data  Sheet 
which  is  also  part  of  the  NIOSH  criteria  documents:  Appendix  C 
to  this  unit  contams  details  about  Recommendations  3  through  6: 

1.  label  statements  on  the 


a  form  by  which  manufacturers  transmit  hazard  infoxrhation  to 
users  (see  Appendix  D).  It  contains  relevant  information  about  the 
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physical  and  toxicological  properties  of  the  chemical.  Labels 
generally Jist  only  the  major  components  of  chemical  reagents  or 
solvent  mixtures-  Therefore,  the  instructor  must  depend  on  the 
data  sheet  for  information  about  chen)ical  components  which> 
.  though  minor,  may  be  toxic  or  dangeroi*^. 

Most  manufacturers  and  suppliers  have '  developed  information 
sheets  similar  to^the  NIOSH  form.  At  the  time  that  haz;»rdous 
^  ^  materials  are  purchased,  the  manufacturer  jshould  be  asked  to 
furnish  such  toxicity. and  hazard  information.'  The  forms  whicht 
are  provided  should  be  distributed  to  instructoj^,  supervisors, 
maintenance  personnel  and ,  members  of  the  Shop  Safety  and 
\  Health  Commilte^. 

In  addition  to  thi?  six  NIOSH  recommendations,  l&bels  for  ih^us- 
trial/vocational  education  use  should  contain: . 

1>  the  manufacturerV  name' and  ^the  lot  nurabe):*>f  the 
.    *.  chemical  *  ^  s- 

2.  £h6  age  of  the  material.  .   '  ,  . 

•  -   The  first  iiem  is  important  because  manufacturers  sometimes  need 
to  recall  batches  of  ch^micak.  When  the  manufacturer's  name  is 
I  ^n  the  label,  the  substance  under  question  can  be  located  quickly-;^ 
Because  some  chemicals  Wdme  ungtable  oi  ineffective  with  age,* 
,  it  is  also  necesisary  to  identify  the  purchase  date.  .  <  . 

^-  It  may  not^be  practical  to  put  all  the  desired  inforriiation  on  ^e 
. .  label,  especially  if  the  container  is  small.  The  instructor  m^ust  use . 
his  good  judgment  in  selecting  what  information  should  appear- 
The  most  essential  it6m  is  the  chejnical  or  product  name,  which 
never  should  be  omitted.  Figure  30  is ^  sample  label  which- 
includes  the  information  discussed  in  this  section;  ^ 

The  NIOSH  criteria  document  deals  in  its  last  section  with  the 
disposal  of  hazardous  materials.  Toxic  and  hazardous' wastes  can 
be  both  difficult  and  expensive  to  get  rid  of.  - 

•  The  disposal  of  hazardous  materials  is  saictly  regulated  by  law  in 
many  states.  When  an  instructor.orders  students  to  dump  hazard- 
ous  materials  into  the 'sink  and  to  flush  them  down  or  to.  pour 
ioxic  nj^erials  onto  the  ground;  he  may,  be  violating  appiioable 
state /or  municipal  law?.  Afuiiicipal;  .state  and  federal  laws  all 
regulate  the  discharge  of  tdxit  and  hazardous  materials  into 
s^Wage  systems  and  receiving  waters  and  the  atmosphere. 
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CHEMICAL  NAME             '  *  " 

J 

* 

FORMULA 

FLASH  POINT 

KINDS  OF 

CORROSIVE  TO  SKIN  AND  EYES   

FLAMMABLE   

HAZARDS 

.  XOXiC  BY  INGESTION   

REACTIVE  WITH  WATER   

•    TOXfC  BY  INHALATION   

UNSTABLE  •   

TOXIC'BY  SKIN  CONTACT   

RADIOACTIVE  ^ 

SEVERITY  OF 

HEAIJH                0      1      2  3 

4 

HAZARDS 

HIRE                     0 .     1  •   2  3 

4 

*  *> 

REACTIVITY           0      12  3 

4 

'  SPECIFIC  ■ 

EMERGENCY 

TREATMENT 

r 

C 

SUPPLIER 

i 

J 

DATE 

PREPARED  PURCHASED 

-  •  RECEIVED 

USAGE 

• 

OTHER 

INFORMATION 

» 

 ^  '  — 

* 

from  Safety  in  the  Schoof  Science  Laboratory,  NIOSH,  August  1977r 
p.  W-8-35.  ' 

Figure  3Q 
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Industrial/vocational  education  shops  have  two  basic  disposal 
alternatives  open  to  them.  They  can  handle  the  disposal  them- 
selves, or  they  can  pay  a  commercial  disposal  service*  The  first 
alternative  is  time-consuming,  and  the  second  is  relatively  ex- 
pensive. 

For  assistance  in  learning  what  regulations  apply  to  the  shop  and 
what  disposal  alternatives  are  best  suited  to  their  ^iiuation,  instruc- 
tors and  supervisors  should  seek  the  help  pf  such  resources  as  the 
Environmental  Protection  Agency  and  other  ^jipropriate  local  and 
state  government  offices*  / 

/ 

The  toxicity  of  a  material  is  not  identical' with  its  quality  for  being 
a  health  hazard.  Toxicity  is  the  "capacity  of  a  material  to  produce 
injury  or  ham^"  Hazard  is  "the  .{Possibility  that  exposure  to  a 
material  will  cause  injury  wher^/a  specific  quantity  is  used  under 
certain  conditions.**^  xhe  key  elements  to  be  considered  when 
evaluating  a  health  hazard  are 

1.  the  amount  of  material  required  to  be  in  contact  with  a 
body  cell  in  order  to  produce  an  injury 


2.  the  total  time  of  contact  necessary 


6^ 


3.  the  probability  that  the  material  will  be  absorbed  or  come 
in  contact  with  body  cells 

4.  the  rate.of  generation  of  airborne  contaminants 

5.  the  control  measures  in  use. 

Not  all  toxic  materials  are  hazardfeus.  The  majority  of  toxic 
chemicals  are  safe  when  packaged  in  their  original  shipping  con- 
tainers or  contained  in  a  closed  system.  As  long  as  toxic  materials 
are  adec^uately  eontroUe'd,  they  can  be  used  safely. 

For  example,  many  solvents,  if  not  used  properly;  will  cause 
irritation  to  eyes,  mouth  and  throat.  They  are  also  intoxicating 
and  can  cause  blistering  of  the' skin  and^other  forms  of  dermatitis. 
Probnged  exposure  may  cause  'ihore  serious  illness.  But,  if  the 
solvents  are  used  in  a  weU-ventilated  area  and  the  person  is  pro- 
vided with  proteqj^ive  ^equipment  which  prevents  the  substance 
from  coming  in.  contact  with  skin,  then  they  can  be  used  without 
being  a  hazard. » 


TOXICITY 
Toxicity  vs.  Haz|u:d^ 
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In  this  car^ ,  certain  controls-ventilation  and  protective  equipment 
Hiave  enabled  the  person  to  use  the  solvent  while  minimizing  the 
risk  of  illness.  However,  it  must  be  understood  that  nontoxic 
materials  should  be  substituted  for  toxic  ones  whenever  possible. 

The  toxic  action  of  a  substance  can  be  divided  into  acute  and 
chronic  effects: 

•  Acute  effects.  These  involve  short-terra  high  concentra- 
tions which  cause  illness,  irritation  or  death*  They  are  the 
result  of  sudden  and  severe  exposure,  during  which  the 
substance  is  rapidly  absorbed.^  Usually  acute  effects  are 
related  to  an  accident,  which  disrupts  ordinary  processes 
anB  controls.  For  example,  sudden  exposure  to  a  high  con- 
centration of  zinc  oxide  fumes  in  the  welding  shop  c^n 
cause  acute  poisoning.  ^  " 

•  Chronic  effects.  These  involve  continued  exposure  to 
toxic  substances  over  long  time  periods.  When  the  chem- 
ical is  absorbed  more  rapidly  than  the  body  can  eliminate 
it,  accumulation  in  the  body  bcfgins.  Since  the  level  of  con- 
taminant is  relatively  low,  effects,  though  serious  and 
irreversible,  may  go  unnoticed  for  long  periods  of  time. 
For  example,  breathing  even  low  concentrations  of  carbon 
monoxide  for  long  periods  of  time  can  cause  damage  to 
the  heart  muscles  and  blood  vessels. 

Frequently  accidents  inyolving  hazardous  materials  occur  in  the 
shop  because  neither  the  instructor  nor  the  student  knows  or  is 
able  to  anticipate  the  effects  of  a  particular  chemical  combination^ 
or  the  toxicity  of  a  chemical  compound.  One  of  the  primary  goals 
of  any  shop  safety  and  health  program  should  be  to  minimize  the 
frequency  and  severity  of  accidents  which  result  from  a  lacjc  of 
knowledge. 

Information  about  chemical  reactions  and  incompatible  chemical 
compounds  and  elements  should  be  used  by  ins^tructors  whenever 
necessary  to  prevent  bodily- injuries  and  property  damage  result- 
ing from  unexpected  chemical  reactions.  Table  13  in  the  previous 
unit  listed  some  chemical  incompatibilities.  The  following  publica- 
tions should  be  consulted  in  case  of  doubt  about  a  particular 
reaction  and  are  excellent  sources  of  information  on  hazardous 
chemical  reactions. 
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Manufacturing  Chemists  Association,  Guide  for  Safety  fn  the 
Chemical  Laboratory,  2nd  ed ,  Van  Nostrand  Reinhold  Com- 
pany, New  York,  New  York.  1972, 

Meyer,  E.,  Chemistry  of  Hazardous  iMaterials,  Prentice-Hall, 
Inc.,  Englewood  Cliffs,  New  Jersey.  1977. 

National  Fire  Protection  Association,  NFPA  49,  Hazardous 
Chemicals  Data  1979,  National  Fire  Codes,  Boston,  Massa- 
chusetts. 1979. 

National  Fire  Protection  Association,  NFPA  591M,  Manual  of 
Hazardous  Chemical  Reactions  1975,  Boston,  Massachusetts. 
1975. 

Stecher,  P.  G.,  ed..  The  Merck  Index,  9th  ed.,  Merck  &  Co., 
Inc.,  Rahway,  New  Jersey.  1976. 

Steere,  N.  V.,  ed..  Handbook  of  Laboratory  Safely,  2nd  ed.. 
The  Chemical  Rubber  Co.,  Cleveland,  Ohio.  1971. 

Though  safety  hazards  have  been  the  subject  of  concern  among 
industrial/vocational  educators  for  many  years,  many  of  the  com- 
mon chemicals  found  in  shops  have  been  largely  ignored  though 
they  may  present  significant  health  hazards.  For  example,  both 
benzene  and  asbestos  have  been  designated  as  potential  carcino- 
gens. 

The  following  publications  in  addition  to  The  Merck  Index  already 
cited,  contain  information  on  the  toxicities  of  chemical  com- 
pounds. The  proper  interpretation  of  toxicity  information  and 
data  may  requite  expertise  that  is  beyond  that  ordinarily  possessed 
by  industrial/vocational  education  instructors.  Expert  advice 
should  be  sought  when  needed  either  through  the  appropriate 
state  officials  or  through  the  National  Institute  for  Occupational 
Safety  and  Health. 

Casarett,  L.  J.  and  J.  Doull,  eds..  Toxicology:  The^  Basic, 
Sciences  of  Poisons,  Macmillan  Publishing  Co.,  Inc.,  New 
Vork,  New  York.  1975. 

Key,  Marcus  M.,  ed.»  Occupational  Diseases:  A  Guide  to  Their 
Recognition,  revised  ed.,  U.S.  Department  of  Health,  Educa- 
tion, and  Welfare,  DHEW  (NIOSH)  77-181,  June  1977. 
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TOXIC  MATERIALS 


1978  Registry  of  Toxic  Effects  of  Chemical  Substances 
(RTECS),  U.S.  Department  of  Health,  Education,  and  Welfare, 
NIOSH,  Rockville,  Maryland,  GPO  Stock  Number  017-033- 
00346-7,  $13.00.  Av^able  only  from:  Superintendent  of 
Documents,  U.S.  Government  Printing  Office,  W.ashington, 
D.a  20402. 

Sax,  N.  L,  Dangerous  Properties  of  Industrial  Materials, 
Van  Nostrand  Reirihold  ComRiny,  Newl'York,  New"  York. 
1975. 

In  order  for  a  hazardous  substance  to  exert  its  toxic  effect,  it  must 
come  into  contact* with  a  body  ceil.  There  are  three  modes  of 
entry  for  chemical  compouncjs  in  the  form  of  liquids,-  gases, 
mists,  dusts,  fumes  and  vaporsf 

1.  ingestion  (through  the  mouth) 

2.  .skin  absorption 

3.  inhalation  (through  the  lungs). 

Each  of  these  modes  of  entry  will  be  examined,  with  particular 
attention  paid  to  dermatitis  from  skin  contact  and  respiratory 
ailments  arising  ttom  inhalation  of  toxic  chemicals. 


SKIN  CONTACT 
{Penetration  or'  . 
absorption) 

Approximately  2 
square  meters  of 
surface  area 


INHALATION 

(Lungs) 
Approximately 
65  square  meters 
of  surface  area 

INGESTION 


Adap^  and  reprinted  with,  permission  from  Robert  J.  Firenza,  The 
Process  of  Hazard  ControL  Kendall/Hunt  Publishing  Co.  Dubuque, 
Iowa  52001,  1978,  p.  423. 
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Of  the  three  modes  of  entry,  ingestion  is  the  least  common.  A 
harmful  amount  of  toxic  material  can  be  swallowed  accidentally, 
but  this  is  not  common.  Far  greater  is  the  likelihood  of  a  student 
ingesting  toxic  materials  because  of  careless  washing  before  eating, 
drinking  or  smoking. 

Inhaled  toxic  dusts  can  also  be  ingested  in  amounts  that  may  cause 
trouble.  Particles  in  inspired  air  which  are  insoluble  in  the  mucous 
of  the  respiratory  tract  may  be  carried  to  the  mouth  where  they 
are  either  spit  out  or  swallpwed.  If  they  are  readily  soluble  in  body 
fluids,  toxic  materials  can  1^  absorbed  in  the  digestive  system  and 
picked  up  by  the  blood. 

The  fact  that  a  ^substance  has  been  .swallowed  does  not  necessarily 
mean  that  it  will  be  absorbed.  A  certain  selectivity  tends  to  pre- 
vent absorption  of  unnatural  substances  or  to  limit  the  amount 
absorbed  through  the  walls  of  the  digestive  tract.  Materials^not 
absorbed  are  eliminated  directly  through  the  intestinal  tracf. 
Food  and  liquid  m  the  digestive  tract  dilute  the  toxic  substance 
and  may  react  with  it  to  produce  a  harmless  or  insoluble  sub- 
^  stance.  If  the  toxic  substance  is  absorbed  by  the  bloodstream,  it 
will  pass  to  the  liver,  which  may  alter  and  detoxify  it  but  possibly 
be  damaged  itself  in  the  process. 

The  basic  detoxification  process  involves  the  following  steps: 

1.  deposit  in  the  liver 

2.  conversion  to  a  nontoxic  coriipound 

3.  transportation  to  kidney  by  way  of  the  bloodstream 

4.  excretion  through  kidney  and  urinary  tract. 

The  second  mode  of  entry  for  hazardous  materials  is  through  skin 
absorption.  Some  substances  are  absorbed  by  way  of  the  openings^' 
for  hair  follicles;  others  dissolve  in  the  fats  and  oils  of  the  skin. 
Of  all  occupational  diseases,  skin  ailments  are  the  most  frequent. 
Dermatosis  is  the  name  given  to  any  disease  of  the  skin;  dermatitis 
refers  to  any  inflammation  of  the  skin. . 

The  skin  is  composed  of  two  layers:  the  epidermis  and  the  dermis. 
The  epidermis  4s  of  primary  concern  in  the  occupational  derma- 
toses. 
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The  first  layer  of  the  epidermis  is  the  lipid  or  fatty  surface*,  some- 
times'cSUed  the  acid  mantle  because  it  has  an  acid  pH  and  the 
capacity  to.' buffer  certain  weak  alkaline  substances.  This  lipid 
surface  is  composed  of  oil  and  sweat  and  is  easily  washed  "off,  ^ 

Under  the  thin  layer  of  lipids  lies  the  stratus  cornea  or  keratin 
layer.  This  layer  \i  the  chief  barrier  against  water'  and  aqueous 
solution  and  provides  fair  protection  against  attack  by  cjiemicals 
except  for  alkalis.  Because  il  is  composed  of  dead  skin  cells,  this 
layer  is  .constantly  being  replaced  by  new  cells  pushing  to  the 
surface  from  the  deeperlayer  of  the  epidermis,  the  germinative 
layer.    '  ^J^"^ 

Thr^rmis,  or  •^true  skin,"  is  tough  and  resilient.  It  contains 
connective  tissue  and,  if  injured,  can  form  new  tissue  to  repair 
itself.  The  dermis  is  the  main  natural  protection  against  trauma. 

There  are  five  important  causes  of  occupational  dermatoses: 

1.  plants 

2.  biological  agents 

3.  physical  agents 

4.  mechanical  agents 

5.  chemical  agents 

Although  the  emphasis  in  this  unit  is  on  the  chemical  agents,  we 
will  briefly  examine  the  other  causes. 

Plant  poisons  which  can  cause  dermatitis  are  produced  by  several 
hundred  plants,  ,af  which  the  best  known  are  poison  ivy,  poison 
oak  and  poison  sumac.  Dermatitis  from  these  three  sources  may 
result  from  bodily. contact  with  clothing  or  other  objects  >yhich 
previously  have  been  exposed  to  the^,  poison.  Some  woodworking 
shops'  have  reported  cases  of  dermatitis  when  students  were 
working  with  West  Indian  mahogany,  silver  fir  and  spruce, 
especially  when  sandpapering  afid  polishing. 

Biological  age^its  which  cause  dermatitis  may  be  bacterial,  viral, 
fungal  or  parasitic  I'he^e  are  not  often  encountered  in  industrial/ 
vocatioha!  <"?"ostion  shops. 
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Physical  agents  which-  lead  to  derraaUSis  include  heat,  cold  and 
"radiation.  Hot  water  softens  the  skin  so  that  substances  attack 
it  more  readily.  X-rays  and  other  ionizing  radiation  may  cause 
dermatosis,  severe  burns  and  even  cancer.  Prolonged  exposure  to 
sunlight,  the  most  common  source  of  sun-damaging  radiation, 
produces  skin  changes  which  may  cause  dangerous  body  altera- 
tions. 

Mechanical  causes  of  skin  irritation  include  friction,  pressure 
and  trauma,  including  abrasions.  If  the  horny  layers  of  the  skin 
become  softened  by  such  mechanical  causes  of  by  high  tempera- 
tures and  excessive  perspiration,  dermatosis  may  result.  Friction 
may  result  in  abrasion  or>  more  commonly,  a  callus. 

In  industrial/vocational  education  shops  chemical  agents  are  the 
most  frequent  cause  of  dermatoses.  Such  chemicals  can  be  divided 
into  two  groups:  primary  irritants  and  synthesizers. 

Primary  irritants. react  on  contact,  altering  the  chemistry  of  the 
skin.  Such  initiints  cause  a  chemical  reaction  which  may  vary  from 
complete  destruction  to  burning  to  inflammation,  or  irratation. 
About  80  percent  of  all  occupational  dermatoses  are  caused  By. 
primary  irritants.  The  foUowing  are  the  broad  categories  of 
primary  •irritants*  Many  of  the  specific  substances  are  discussed  in 
detail  in  Appendix  B,  Examples  of  Toxic  and  Corrosive  Chemicals.  , 

Organic  solvents  irritate  the  skin  because  of  their  solvent  quali- 
ties. They  remove  the  natural  oil  from  the  skin,  leaving  it  dry, 
scaly  ind  subject  to  cracking  and  infection.  Examples  of  such 
organic  solvents^  are  trichloroethylene,  acetone  and  petroleum 
distillates  used  for  degreasing  and  hand  cleaning  operations. 

Detergents^  also  remove  the  natural  oils  from  the  skin  or  react  with 
the  oils  of  the  skin  to  increase  susceptibility  to  chemicals  which 
ordinarily  do  not  affect  the  skin.  Such  detergents  include  the 
alkalis  and  soap. 

Dessicators,  hygroscopic  agents  and  anhydrides  take  "water  out  of 
the  skin  and  generate  heat.  Examples  are  sulfuric  acid,  potash  and 
sulfur  dioxide. 

Protein  precipitants  tend  to  coagulate  the  outer  layers  of  the  skin. 
Examples  of  protein  precipitating  agents  are  alcohol,  tannic  acid, ' 
formaldehyde  and  phenol  and  such  heavy  metal  salts  as  the  salts 
of  arsenic,  chromium,  mercury  and  zinc. 
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Sensitizing  Agents 


PREVENTING 
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Good  Personal  Hygiene 


Oxidizers  unite  with  hydrogen  and  liberate  nascent  oxygen  on 
the  skin.  Examples  include  dhromic  acid,  hydrogen  peroxide, 
chlorine, and  ozone. 

Some  chemical  substances  produce  no  irritation  on  initial  stdn 
contact.  After  repeated  or  extended  exposure,  however,  some 
individuals  will  develop  an  allergi-  reaction  termed  sensitization 
dermatitis.  A  once-immune  person  suddenly  *may  develop  an 
allergic  reaction  to  a  particular  substance. 

This,  allergic  reaction  may  come  in  the  form  of  small  pimples  or 
water  blisters  and  look  like  contact  dermatitis.  However,  the  skin 
reactionSnay  occur  at  a  site  quite  different  from  that  where  con- 
tact occurred.  The  difficulty  comes  in  determinmg  just  what 
agent  is  causing  the  sensitization.  Once  ^  person  has  become  sen- 
sitized to  a  given  material,  the  only  sure  way  to  prevent  future 
allergic  reactions  is  ta  avoid  the  product  in  the  .future.  In  some 
cases  medication  and  desensitization  by  a  p!  ysician  may  be  a 
solution. 

Typical  sensitizers  include  some  epoxy  resin'amine  hardeners, 
certain  metals  (e.g.,  chromiuin,  nickel)  and  coal  tar  derivatives. 

Some  substances  act^as^  both  j)rimary  initants  and  sensitizing 
agents.  These  include  such  organic  solvents  as  turpentine  and  the 
chlorinated  phenols,  chromic  acid,  formaldehyde  and  epoxy  resin 
compdnents. 

r 

Appendix  E  lists  some  chemical  causes  of  dermatoses  and  indicates 
which  are'  primary  irritants  and  which  are  sensitizers. 

The  best  way  to  control  dermatosis  is  to  prevent  skin  contact  with 
the  offending  agents.*  Where  possible,  chemicals  of  low.  toxicity 
and  initant  potential  should  be'  substitutecl.  Contact  can  be  min- 
imized by  good  personal  hygiene,  personal  protective  equipment 

and  barrier  creams. 

I 

►Frequent  and  thorough  washing  with  appropriate  cleansers  re- 
moves irritating  substances  before  they  can  cause  trouble.  Stu* 
dents  should  be  told  where,  how  and  when  to  wash  and  should  be 
advised  that  they  will  be  rated  on  this  part  ojf  ^heir  performance. 

Wherever  solvents  are  used,  good  personal'  hygiene  is  important. 
Spills  and  splashes  should  be  cleaned  up  immediately  with  soap 
■and  water.  Clothing  which  has  been  splattered  by  chemical 
solvents  should  be  replaced  mtk  clean  clothing. 
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In  the  case  of  local  contact  with  ^cid,  the  most  important  treat- 
ment is  immediately  to  wash  the  affected  area  with  large  amounts 
of  water.  For  minor  contact,  such  as  a  splash  on  the  hand,  running 
water  from  a  tap  may  be  sufficient,  provided  enough  time  is 
allowed  fpr  complete  removal  -of  the  acid.  In  the  case  of  large 
area  contact,  readily  accessible,  well-;narked,  rapid-action  safety 
showers  are  required*  and  minimum  of  fifteen  minutes  should  be 
devoted  to  removing  all  traces  of  acid. 

A  special  eyerwashing  fountain  or  bath  also  should  be  provided. 
Adequate  time  for  removal  of  acid  should  be  allowed.  This  may 
necessitate  repeated  fifteen-minute  washings  while  medical  atten- 
tion is  bemg  sought. 

The  type  of  soap  used  is  important.  Even  a  generally  good  soap 
may  cause  irritation  on  certain  types  of  skin.  Acc<5rding  to  the 
National  Safety  Council,  a  soap  ?hould: 

1.  be  freely  soluble  in  hard  or  soft,  cold  or  hot  water 

2.  remove  fats,  oils  and  other  soil  without  harming  the  skin 
.  3.  leave  the  natural  fats  and  oils  in  the  skin 

4.  contain  no  harsh  abrasives  or  irritant  scrubbers 

5.  be  handy  to  use  if  in  cake  form  or  flow  easily  through 
soap  dispensers  if  in  granulated  or  powder  form 

6.  stay  insect-free 

7.  retain  its  properties  in  use.^ 

Students  sometimes  contract  dermatitis  by  washing  their  hands  in 
the  wrong  kinds  of  solutions.  They  should  not  be  permitted  to  use 
solvents,  even  if  £hey  may  feel  that  these  cleaning  agents  are  the 
easiest  to  use  and  work  the  fastest.  They  should  be  required  to  use 
the  soap-dispensing  units  provided: 

To  keep  dermatitis-causing  agents  from  f^ontact  with  the  skin, 
the  student  may  heed  impermeable  protective  clothing  such  as 
aprons,  face  shields  and  gloves.  But  the  student  must  be  awai;e 
that  many  solvents  can  penetrate  rubber  or  neoprene  gloves., 
Neoprene  protects  against  most  common  oils  and  aliphatic  hydro- 
carbons, but  neither  i£  nor  rubber  offers  protection  against  the 
aromatic  and  halogenated  hydrocarbons,  the  ketones  and  many 
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other  solvents.  For  such  uses  polyvinyl  alcohol  gloves  provide 
protection,  but  these  ^oves  must  be  kept  away  from  water, 
acetonQ^and  other  solvents. 

Regular  periodic  cleanmg  and  drying  of  gloves  is  as  important  as 
using  the  proper  type.  Any  equipment  that  cannot  be  decon^am* 
inated  should  be  discarded. 

Barrier  creams  are  the  least  effective  way  of  protecting  the  skm. 
They  are  not  a  substitute  for  .gloves,,  except  where  there -is  only 
occasional  and  minor  contact  with  a  solvent.  Barrier  creams  and 
lotions  should  be  .used  to  supplement  goodMrfisqajhyp^  and 
personal  protective  equipment.  Three  majji^pes  of  oSS^  crebms 
and  lotions  are  available: 

1.  vanishing  cream,  which  ^ntains  soap  and  emollients 
that  coal  the  skin  and  cover  ^he  pores  to  make  subsequent 
cleanup  easier  ^ 

2.  water-repellant  types  (e.g.,  lanolin,  j^trolatum,  organic 
silicones), -which  leave  a  water-insoluble  film  on  the  skin, 
and  thus  repel  water-dissolved  irritants 

3.  solvent-repellent  types  (e.g.,  methyl  cellulose,  sodium 
silicate  and  tragacanth),  which  are  insoluble  in  bils  and 

,0  solvents. 

Barjrier  creams  should  be  applied  to  clean  skin.  When  the  skin 
becomes  soiled,  both  the  cream  and  soil  should  be  washed  off  and 
the  barrier  reapplied. 

Up  to  now  we  have  examined  ingestion  and  skin  absorption  as 
modes  of  entry.  The  third  mode  of  entry  for  chemical  agents  is 
inhalation.  It  is  a  particularly  important  mode  of  entry  because  of 
the  rapidity  with  which  a  toxic  material  can  be  absorbed  in  the 
lungs,  pass  into  the  bloodstream  and  reach  the  brain.  Had  the 
same  mate^  been  ingested  instead  of  inhaled,  it  would  have  been 
considerably  diluted  with  the  contents  of  the  stomach.  Inhalation 
hazards  arise  from  excessive  concentration  of  mists,  vapors, 
gases  or  solids  that  are  in  the  form  of  dusts  or  fumes. 
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The  respiratory  system  consists  of  three  main  parts  (see  Figure 
31): 

1.  air  passages  or  airways,  including  the  nose,  mouth,  upper 
^throat,  larynx,  trachfea  and  bronchi 

2%  the  lungs,  where  oxygen  is  passed  into  the  blood  and 
carbon  dioxide  is  given  off 

3:  the  diaphragm  and  the  muscles  of  the  chest,  which  permit 
normal  respiratory  movement. 
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Reprinted  from  A  Guide  to  Industrial  Respiratory  Protection  Cincin- 
nati: NIOSH,  1976);p.  10.  '    "  ^ 
^       Figure  31 

The  respiratory  system  brings  air  containijig.. oxygen  into  the 
lungs  where  oxygen  transfers ^to  the  blood.  The  oxygen-enriched 
blood  travels'  to  all  parts  of  the  body  to  sustain  life.  At  the  same 
time  carbon  dioxide  transfers  from  the  blood  to  the  lungs  and 
then  out  of.  the  system.  The  system  that  delivers  the  air  to  the 
alveoli  is  extremely  important  to  the  healthy  functioning  of  the 
lungs. 

The  nasopharyngeal  passages  serve  as  a  heat  exchanger  and  humidi- 
fier, warming  and  moisturizmg  inhaled  air  so  that  it  will  noc  con- 
stitute a  shock  to  the  delicate  lung  tissues.  Some  particles  are 
removed  by  nasal  hairs  (cilia),  at  bends  in  the*  air  path  and  by 
sedimentation. 

These  passages,  as  ^well  as  the  'trachea  and  bronchial  tubes  are 
covered  with  mucous  membranes.  The  mucus  secreted  by  these 

"  13-41 


ANATOMY  OF 
RESPIRATORY  SYSTEM 

Parts  of  the  Rctpkttory 

System 


How  ttie  Respiratory  System 
Works 


Nasopharyngeid  Pamicm  . 


334 


Health  Hazards 


Bronchioles 


RESPIRATORY  HAZARDS 


Dusts 


mehibranes  gives  up  heat  and  moisture  and  serves  as  a  trap  for 
particulate  contaminants  before  they  can  reach  the  lungs.  It  also 
dilutes  imtating  substances. 

The  bronchi  branching  from  the  trachea  divide  into  smaller  and 
smaller  bronchioles,  forming  an  increasingly  difficult  route  of 
entry  for  particulate  matter.  The  resi  atory  bronchioles  lead  irito^ 
several  ducts,  each  of  which  ends  in  a  cluster  of  air  sacs,  the 
alveoli. 

Oxygen  transfer  takes  place  in  the  ^veoli.  These  minute  sac^  are 
Jike  clusters  of  grapes  covered  with  a  network  of  blood  capillaries. 
The  alveolar  walls  are  membranes  through  which  gases  and  even 
aerosols  can  pass  easily.  Tnrough  the  thin  walls  of  the  alveoli, 
the  blood  takes  on  oxygen  and  gives  up  its  carbon  dioxide  in  the 
process  of  respiration. 

Depending  upon  the  solubility  of  the  material,  inhalation  of  chem- 
ical agents  may  xirritate  the  upper  respiratory  tract,  including 
the  mucous  membranes,  or  it  may  harm  the  terminal  passages  of 
the  lungs  and  air  sacs.  Inhaled  contaminants  fall  into*  three  general 
categories: 

'  1.  particulates  which,  wherDdeposited  in  theMungs,  may 
produce  rapid  local  tissue  damage,  slower  tissue  reaction, 
disease  or  physical  plugging  (e.g.,  asbestos  fiber) 

2.  toxic  vapors  and  gases  that  produce  adverse  reaction  in  the 
tissue  of  the  lungs  (e.g.,  hydrogen  fluoride)  t 

3.  toxic  vapors  and  gases  that  do  not  affect  the  lung  tissue 
locally  but  may  either 

a.  pass  from  the  lungs  into  the  bloodstream,  where  they 
are  carried  to  other  body  organs  ^(e.g.,  cadmium  oxide 
fumes,  solvents) 

b.  affect  adversely  the  oxygen-carrying  capacity  of  the 
blood  cells  themselves  (e.g.^  carbon  monoxide). 

Dusts  are  solid  particles  generated  by  handling,  crushing,  grinding, 
rapid  impact,  detonation  and  breaking  apart  by  heating  of  organic 
and  inorganic  material.  Dust  normaUy  contains  a  wide  range  of 
particle  sizes,  with  the  small  particles  greatly  outnumbering  the 
large  ones.  -Ccuisequetttly,  when  dust  is  noticeable  iij^the  air  near 
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an>  operation,  probably  more  invisible  dust  particles  than  visible 
ones  are  present  A. process  which  produces  dust  fine  enough  to 
remain  suspended  in  the  air  long  enough  to  be  breathed  should 
be  regarded  as  hazardous  unless  it  can  be  proved  safe. 

The  respiratoiy  tract,  'with,  its  successive  branches  and' passage- 
ways, is  a  highly  efficient  dust  collector.  All  particles  which  enter 
the  ^respiratory  system  and  are  smaller  than  four  or  five  microns^ 
.-^  are  ;deposited  somewhere  in  the  system.  Larger  particles-those,"^ 
r  greater  than  Jtjro  microns  in  size-are  deposited  for  the  most  part 
in  the  upper  respiratory  system:  the  nasal^cavity,  trachea,  bron- 
chial tubes  and  other  air  passages.  Intermediate  particles  are 
deposited  about  equally  in  the  upper  respiratory  system  and  in  tiie 
alveolar  or  pulmonary  air  spaces.  SmaUer  particles-one  micron  or 
less  in  size-are  generally  deposited  in  the  alveolar  spaces.  Figure 
32  shows  the  sizes  of  various  airborne  contaminants. 
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Fumes  are  forms  of  particulate  matter  which  differ  from  dusts 
only  .in  the  way  they  are  generated  and  in  their  particle  size.  A  ^ 
fume  consists'  of  extremely  small  particles,  less  than  a  micron  in- 
diameter,  and  is  generated  by  such  processes  as  combustion,  con-- 
densation  and  sublimation. 

•Arc  welding  volatizes  metal  vapor  that  condenses— as  the  metal  or 
•4ts  oxide--in  tt(e  air  around  the  arc.  These  fumes,  because  they  are 
extren'Ifely  fiye,  are  readily  inhaled.  Toxic  fumes  formed  when 
welding,  galvanized  metal  niay  produce  severe -symptoms  of  tox- 
icity. Either  the  fumes  must  be  controlled  by  -the-^local  exhaust 
"ventilatipn;  or  the  welder  must  be  protected  by  respiratory  equip- 
ment. 

To  evaluate  dust  and  fume  exposures  properly  requires  knowledge 

'Of 

i 

•  the  chemical  composition 

•  particle  size*  *  ^ 

•  concentrationMn  the  air        '  ' 

•  length  of  exposure  time.  *  ,  '  ' 

'  o  ' 

/ 

Potential  health  hazards  from  dust  and  fumes  occur  'On  three 
levels:  y  ^  •   ^  <^ 

h  Regardless'  of  its  chemical  composition,  the  inhalation 
of  sufficient  quantities  of  dust  can  cause  a  person  to  choke 
or  cough. 

2.  Depending  upon  its  chemical  composition,  the  dust  can 
cause  allergic  or  sensitization  reaction  m  th^  respiratory 
tract  or  on  the  skin.  , 

.3.  Depending  upon  both  its  size  and  chemical  composition, 
the  dust  can  damage  vital  internal  tissues. 

Appendix  B  ai  the  end  of  this  chapter  discusses  the  dangers  of  the 
following  dusts  and  fumes:  aluminum,  antimony,  arsenic,  asbestos, 
chromium,  fluorides,  iron  oxide,  lead,'  magnesium,  manganese, 
.silicon  dioxide  and  zinc  oxide  (including  metal  fume  fever). 
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Gases  are  formless  fluids'that  expand  to  occupy  the  space  in  which 
they  are  confined.  Examples' are  arc  welding  gases,  sulfur  dioxides- 
phosgene,  ozone  and.  nitroge.n  dioxide.  VapprS  are  the  volatile 
form  of  substances  that  are  normally  in  the  solid  or  liquid  state  at 
-room  temperature>ind  pr^ssure.^ 

Some-^highly  reactive  gases  and  vapors  of  lowo  solubility  can 
produce  an  immediate  irritation-and  inflammation  of  the  respira* 
tory  tract.  They  can  cause  chemical  pneumonia  and  pufinonary 
edema.  When  lung,  tissue  is  burned,  the  injured  tissue  pours  out 
fluid  from  the  bloodstream.  When  this  fluid  accumulates  in  the 
lungs,  oxygen  exchange'cannot  take  place  and  suffoc^ticm  occurs. 
This  condition  is  known  as  pulmonary  edema.  ^ 

Individual  Susceptibility  to  resap[tory  toxins  is  difficult  to  assess. 
Nevertheless  certain  safe  limijgjj^  be  established. 

A  Threshold  Limit  Value  (TLV)  refers  to  airborne  concentrations' 
of  substances  and  represents  an  exposure  level  under  which  most 
people  can  work,  day  after  day,  without  adverse  effect.  Because  of 
wide  variations  in  individual  susceptibility,. however,  an  occasional 
exposure  of  an  individual  at  or  even  below  the  threshold  limit  may 
nof -prevent  discomfort,  aggravation  of  a  preexisting^condition  or 
occupational  illness. 

The  term  TLV  refers  specifically  to  limits  published  by  the  Amer- 
ican Conference  of  Governmental  Industrial  Hygienists.  These 
TLV  limits  are  reviewed  and  updated' e^^rh  year.  Appendix  A-1  of 
Fundamentars  of  Industrial  Hygiene^  2nd  ed.  (Chicago:  National 
Safety  Council,  1979),  contains  the  1978  ACGIH  TLVs.  There  are 
thr6e  categories  of  Threshold  Limit  Values. 

1.  Time-Weighted  Average  (TLV-TWA)  is  the  time-weighted 
average  concentration  for  a  normal  eight-hour  day  or 
forty-hour  week.  Nearly  all  persons  may  be  exposed  day 
after  ,day  to  airborne  concentrations  at  these  limits  with- 
out adverse  effect. 

/ 

2.  Short-Term  Exposure  Limit  (TLV-STEL)  is  the  maximal 
concentration  to  which  persons  can  he  exposed  for  a 
period  of  up  to  fifteen  minutes  continuously  without 
suffering: 

a.  irritation 

b.  chronic  or  irreversible  tissue  change 
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i 

narcose^of  sufficient  degree  to  increase  accident 
pron^ness,  impair  self-rescue  or  materially  reduce  wor4c 
jeffiaency.  No  more  than  four  fifteen-minute  exposure* 
periods  per  day  are  permitted,  with'  at  leasf  sixty 
minutes  between  exposure  periods- 


3.  Cefling  (TLV-C)  is  the  concentration  that  should  not  be 
exceeded  even  instantaneously. 

The  following  pomts  should  be  kept  in  mind  when  dealing  with 
TLVs:  ' 

1.  Concentrations  of  chemicals  rarely  remain  constant  in 
the  shop  throughout  a  school  day. 

2.  Most  industrial/vocational  et^ucation  environmei^ts  contain 
mixtures  of  chemicals  rather  than  single  compounds. 

3.  Because  individual  susceptibilities  vary,  control  measures 
must  be  provided  for  those  persons  whose  sensitivity 
places  them  outside  the  average. 

The  first  compUation  of  health  and  safety  standards  from  the 
U.S., Department  of  Labor's  OSHA  appeared  in  1970.  Because  it 
was  derived-from  then-existing  standards,  it  adopted  many  of  the 
TLVs  established  in  1968  by  the  American  Conference  of  Govern- 
mental Industrial  Hygienists. 

Thus  Threshold  Limit  Values— a  copyrighted  trademark  of  the 
American  Conference  of  Governmental  Industrial  Hygienists 
—became,  by  federal  standards.  Permissible  Exposure  Limits 
(PELs)'.  These  PELs  represent  the  legal  maximum  level  of  con- 
taminants in  the  air  of  the  workplace. 

The  General  Industry  OSHA  Standards  as  they  were  in  effect  on 
November  7^  1978,  are  "summarized  in  OSHA  Publication  2206. 
There  are  about  400  substances  for  which  exposure  limits  have 
been-  established.  These  are  included  in  Subpart  Z,  Toxic  and 
Hazardous  Substances,  Sections '1910.1000  through  1910.1500. 

Most  of  these  exposure  limits  are  tabulated  in  section  1910.1000. 
Tables  Z^l  and  Z-3  in  this  section  were  originally  part  of  the 
1968  TLV  list  of.  AC3IH.  These  Umits  already  had  been  adopted 
by  the  U.S.  Department  of  Labor  under  provisions  of  the  Walsh- 
Healey  Act  bef6r©.j)assage  of  the  OSH  Ac.  of  1970.  Table  Z-2 
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contains  limits  developed  by  the  American  National  Standards 
Institute  (ANSI).  Sections  6(a)  and  4(b)  of  the  OSH  Act  gave 
OSHA  authority  to  promulgate  these  previously  established  stand- 
-ards-without-the-hearings-and  waiting-periods  required -in  Section 
6(b).  This  authority  ended  in  April  1973,  two  years  after  the 
effective  date  of  the  act. 

Sections  1910.1001  through  1910.1500  give  more  detailed  stand- 
ards regarding  individual  substances.  These  standards  have  been 
developed  in  conformance  with  Se^^tion  6(b)  of  the  OSH  Act. 
They  have  been  contested  by  the  affected  parties  in  many  cases  in 
the  U.S.  Courts  of  Appeals.  Some  of  the  substances  included  in 
this  group  are  asbestos,  vinyl  chloride,  inorganic  arsenic,  acrylo- 
nitrile,  cotton  dust  and  coke  oven  emissions. 

Information  about  the  procedures  by  which  standards  are  devel- 
oped, promulgated  and  enforced  can  be  found  in  Crisis  in  the 
Workplace,  by  Nicholas  Ashford  (Cambridge,  Mass.:  MIT  ^ess 
1976). 

Section  1910.1000  is  reproduced  in  full  as  Appendix  A-2  in 
Fundamentals  of  Industrial  Hygiene,  2nd  ed.  (Chicago:  National 
Safety  Council,  1979).  This  text  also  has  chapters  on  air  sampling 
and  industrial  toxicology. 

The  methods  of  controlling  respiratory  hazards  include  those 
that  have  been  outlined  for  controlling  other  health  hazards  in 
the  industrial/vocational  education  shop:  substitution,  isolation, 
housekeeping,  personal  protective  equipment  and  ventilation. 
These  will  be  discussed  later  in  this  unit. 

Before  recommendations  for  controls  can  be  made,  a  thorough 
evaluation  of  health  hazards  is  mandatory.  Health  hazard  evalua- 
tion proceeds  in  two  stages: 

1.  A  prelimirary  survey  is  made  to  determine  which  opera- 
tions and  environmental  physical  agents  may  be  hazardous. 

2.  A  detailed  study,  including  the  use  of  air  sampling  and 
direct  reading  instruments,  is  made  to  determine: 

a.  the  amount  of  air  contaminants  present 

b.  the  extent  of  exposure  to  physical  agents. 
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These  studies  usually  are  made  by  an  industrial  hygienist  or  others 
specifically  trained  in  this  field.  ^  However,  the  skilled  industrial/ 
vocational  supervisor  and  instructor  can  be  of  valuable  assistance 
to  the  industrial  hygienist. 

A  preliminary  survey  is  the  first  step  in  evaluating  the  shop  en- 
vironment. Following  this  procedure  can  save  time  and  effort. 
By  visual  inspection,  an  experienced  person  can  indicate  those 
operations  or  conditions  for  which  detailed  studies  are  needed. 

During  this  survey,  processes  and-  operations  may  be  observed  in 
which,  potentially  harmful  materials  ate  handled,  or  equipment 
may  be  used  in  a  manner  that  could  result  in  excessive  concentra- 
tions. The  preliminary  survey  should  include  such  consideration  as: 

1.  general  sanitation 

2.  raw  materials,  products  and  by-products 

3.  physical  agents 

4.  control  measures  in  use. 

One  of  the  best  guides  on  the  subject  of  general  sanitation  is 
ANSI  24.1,  Minimum  Requirements  for  Sanitation  in  Places  of 
Employment.  This  publication  contains  definitions  of  general 
requirements  pn  wa$te  disposal,  housekeeping,  ventilation  and  so 
on. 

New  substances  and  materials  which  require  close  evaluation  to 
asssss  their  potential  health  hazard  are  constantly  being  mtro^ 
duced.  It  is  important  to  have  a  list  of  all  substances  and  materials 
used  in  the  school.  The  information  will  be  obtained  from  the 
purchasing  agent  or  the  manufacturer.  After  the  list  is  obtained,  it 
is  necessary  to  determine  which  of  the  materials  are  toxic  and  to 
what  degree.  Only  when  the  toxicity  and  hazardous  properties  of 
the  substances  are  known  can  the  necessary  safeguards  be  in- 
stalled. 

The  preliminary  survey  should  note  sources  of  radiant  heat,  ab- 
normal temperature  and  humidity,  excessive  noise,  improper  or 
inadequate  illumination  and  X-rays  and  gamma  rays.  The  use 
of  special  instruments  is  neces5ary  properly  to  evaluate  these 
potential  hazards. 
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The  preliminary  survey  would  not  be  complete  unless  the  types  of 
control  measures  in  use  and  their  effectiveness  were  noted: 

1.  local  exhaust:  effectiveness,  hood  design,  and  so  forth 

2.  general  ventilation 

3.  respiratory  protection  devices 
protective  clothing 

5.  shielding  from  radiant  or  ultraviolet  energy. 

Serious  doubts  about  the  effectiveness  of  the  existing  equipment 
would  arise  if  dust  was  on  the  floor,  holes  were  in  duct  work, 
fans  were  not  operating  and  personal  protective  devices  were  being 
used  improperly  by  the  students. 

The  health  hazard  of  a  given  chemical  or  physical  agent  depends 
on  several  factors,  including: 

1.  the  nature  of  the  substance  or  agent 

2.  the  intensity  of  the  exposure 

3.  the  duration  of  exposure 

4.  individual  susceptibility. 

The  first  three  items  normally  will  be  determined  during  the 
'preliminary  study.  The  fourth  item  requires  detailed  studies. 

During  the  preliminary  survey  and  detailed  study,  various  sampling 
instruments  are  used.  The  general  characteristics,  use  and  limita- 
tion^ of  these  instruments  will  be  explained  in  a  separate  supple- 
ment. 

The  first  question  to  answer  is.  Where  does  the  sampling  begin? 
Should  th*e  sample  be  taken  at  the  students'  breathing  zone,  out 
in  the  general  air,  or  at  the  machine  or  process  that  is  putting 
out  the  toxic  gas  or  dust?  T^e  answer  is  that  air  at  all  three  sites 
should  be  sampled. 

Should  the  sample  be  taken  for  two  seconds,  two  hours,  or  a 
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Major  Types  of  Samples 
Grab  Sample 


Long-Term  Sample 


METHODS  OF 
CONTROLLING  HEALTH 
HAZARDS  IN  THE  WORK- 
PLACE 


whole  day?  A  combination  of  short-  and  long-term  samples  is  the 
best  way  to  get  representative  information. 

There  are  two  major  types  of  samples: 

1.  the  grab  sample  taken  over  so  short  a  period  of  time  that 
the  atmospheric  concentration  is  assumed  to  be  constant^ 
throughout  the  sample.  This  usually  will*  be  less  than  five 
minutes  and  usually  will  cover  only  part  of  an  industrial 
cycle.  Frequently  a  series  of  grab  samples  wiji  be  taken 
in, an  attempt  to  define  the  total  exposure. 

2.  the  long-term  sample,  taken  over  a  sufficiently  long  period 
of  time  sp  that  the  variations  in  exposure  cycles  are 
averaged.  This  kind  of  sample  gives  peak  exposure  concen- 
trations only  with  very  sophisticated  recording  equipment, 
and  then  only  for  certain  materials. 

Neither  the  grab  nor  long-term  sample  alone  is  sufficient;  a  com- 
bination of  both  must  be  used. 

Generally  speaking,  health  hazard  control  may  be  grouped  into 
nine  classifications: 

1.  substitution  of  a  less  harmful  material  for  on*»  which 'is 
dangerous  to  health 

2.  change  or  alteration  of  a  process  to  minimize  worker 
contact 

3.  isolation  or  enclosure  of  a  process  or  work  operation  to 
reduce  the  number  of  persons  exposed 

4.  wet  methods  to  reduce  generation  of  dUst  in  operations  ' 

5.  general  or  dilution  ventilation  with  clean  air  to  provide  a 
safe  atmosphere 

6.  local  exhaust  at  the  point  of  generation  or  local  dispersion 
of  contaminants 

7.  personal  protective  devices 

8.  good  housekeeping,  including  cleanliness  of  the  workplace, 
waste  disposal,  adequate  washing,  toilet  and  eating  facili- 
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ties,  healthful  drinkh^g  water  and  control  of  insects  and 
rodents 

^   9.  training  and^education. 

Replacement  of  a  toxic  material  with  a  harmless  or  less  toxic  one 
is  a.  very  practical  method  of  eliminating  a  health  hazard.  In  many 
cases  a  solvent  with  a  lower  order  of  toxicity  or  flaramability  may 
hfi  substitutecT^fo^^a  more  hazardous  one.  For  example,  carbon 
tetrachloride  -can  be  replaced  by  such  solvents  as  methyl  chloro- 
form, dichloromethane,  or  a  similar  substance.  Wherever  possible, 
detergent  and  water  cleaning  solutions  should  be  considered  for 
use  in  place  of  Organic  solvents. 

A  change  in  process  often  offers  an  ideal  opportunity  to  improve 
working,  conditions.  In  some  cases,  a  process  can  be  modified  to 
reduce  the  exposure  to  dust  or  fumes  and  thus  markedly  reduce 
the  hazard.  For^  example,  brush-painting  or  dipping  instead  of 
spray  painting  will  minimize  the  concentration  of  airborne  con- 
tar  tinants  from  toxic  pigments. 

Some  potentially  dangerous  operations  can  be  isolated  from, per- 
sons who  are  near.  Isolation  can  be  accomplished  by  a  physical 
barrier  (such  as  sound-absorbing  screens  to  reduce  the  noise 
from  a  piece  of  machinery),  by  time  (such  as  providing  semi- 
automatic equipment  so  that  a  person  does  not  have  to  stay  near 
the  noisy  machine  constantly),  or  by  distance  (remote  controls). 

Enclosing  the  process  or  equipment  is  a  desirable  method  of 
control  since  the  enclosure  will  prevent 'or  minimize  the  escape  of 
•the  contaminant  or  physical  energy  into  the  shop  atmosphere. 

Dust  hazards  frequently  can  be  minimized  by  application  oS  water 
or  other  suitable  liquid  at  the  source  of  dust  when  better  methods, 
such  as  vacuum  cleaning,  cannot  be  applied. 

General  ventilation  is  an  effective  control  for  areas  generating  low 
concentrations  of  hazardous  substances.  It  works  by  adding  ait  to 
keep  the  concentration  of  a  contaminant  below  hazardous  levels. 
It  uses  either  natural  convection  through  open  doors,  windows, 
roof  ventilators  and  chimneys  or  artificial  air  currents  produced  by 
fans  or  blowers.  Exhaust  fans  through  roofs,  walls  or  windows 
constitute  positive  all-season  dilution  ventilation.  Consideration 
must  be  given  to  providing  make-up  air,  especially  during  winter 
months.  Dilution  ventilation  is  practical  only  when  the  degree  of 


Substitution 


Process  Change 


Isolation  or  Enclosure 


Wet  Methods 


Ventilation^ 
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Local  Exhaust  Ventilation 


air  contamination  is  not  excessive  and  particularly  when  the  con- 
taminant .is  released  at  a  substantial  distance  from  the  worker*s 
breathing  zone.  Under  other  conditions  the  contaminated  air  will 
not  be  dUuted  sufficiently  bpfore  inhalation. 

General  ventUation  should  not  be  used  where  there  are  major, 
localized  sources  of  contamination,  especially  highly  toxic  dusts 
and  fumes.  Local  exhaust  is  more  effective  and  economical  in 
such  cases.  When  comparatively  small  amounts  of  the  less  toxic 
solvents  are  vaporized,  general  or  dilution  ventilation  can  be  a 
satisfactory  method  of  controL 


Several  points  must  be  kept  in  mind  when  using  dilution  ventila- 
tion: 

1.  Exhaust  openings  should  be  located  as  close  as  possible  to 
the  source  producing  the  contaminant. 

2.  To  keep  the  contaminants  out  of , the  breathing  zone  of  the 
student,  the  fresh  air  applied  to  the  work  space  .should 
first  pass  through  the  students*  breathing  zone,  then  across 
the  work  space  where  the  contaminant  is  produced  and 
into  the  exhaust  system  as  rapidly  as  possible. 

3.  Unless  the  exhausted  air  is  discharged  far  away  from  the 
5   fresh  air  hitake  duct,  the  fresh  air  can  become  contam- 
inated. 

Examples  of  possible  wrangements,  both  good  and  bad,  for  dilu- 
tion ventilation  of  work  space  are  depicted  in  Figure  33. 

Local  exhaust  ventUatidn  is  the  most  effective  means  of  control 
for  airborne  contaminants  produced  by  welding  or  cutting.  A  local 
exhaust  system  works  by  trapping  the  air  contaminant  near  its 
source  so  that  a  student  standing  near  the  process  is  not  exposed 
to  harmful  concentrations.  This  method  is  usually  preferred  to 
general  ventilation,  but  should  be  used  only  when  the  contami- 
nant cannot  be  controlled  by  Substitution,  changihg  the  process,^ 
isolation  or  enclosure.  Even  though  a  process  has  been  isolated, 
it  still  may  require  a  local  exhaust  system. 

After  the  system  is  installed  and  set  in  operation,  its  performanqe 
should  be  checked  tQ  see  that  it  meets  engineering  specifications, 
correct  rates  of  air  flow,  duct  velocities,  negative  pressures  and  so 
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Poor  Gci%«rol  VenttKition 

(Contomtnont  15  driven  into  the 
worker's  txeothirtg  zone  ond 
otaH)Sph4>fe) 


Fcur  6tMroi  Ventilott'on 

(fncomplete  flushing  of  the  rootn\ 
contominotion  of  generoi 
otfposphere)  * 


Good  GencfQi  Vcnlilotion 

(Air  enters  ot  breothKxj  zone 
height  ond  keep  contomtnotton 
owoy  from  worker) 


Best  Generot  ventitotton 

(Low  vebcity  diffusion  through 
ceiiitig,  immediote  exhoust  of 
contominoted  oir ) 


'  Reprinted  from  Safety  and  Health  in  Arc  Welding  and  Gas  Weiding 
and  Cutting  {Cincinnati:  NIOSH,  1978),  pp.  29-30. 

Figure  33 

on.  Its  performance  should  be  rechecked  periodically  as  a  mainte- 
nance measure. 

Local  exhaust  ventilation  can  be  provided  by  several  types  of 
equipment,  inclu.ding  fixed  enclosures  (booths),  freely  movable 
hoods,  and  down-draft  benches. 

Fixed  Enclosures  —  Many  operations  done  in  a  fixed  location  can 
be  provided  with  a  fixed  enclosure.  This  is  a  structure  built  around 
the  operation  which  has  a  means  for  drawing  air  through  the  work 
area  so  that  the  wQrktspace  is  flushed  continuously  with  fresh 
air. 
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Witliin  such  an  enclosure,  work  should  be  arranged  and  conducted 
in  such  a  way  that  the  fresh  air  enters  the  enclosure  through  the 
student's  breathing  zone  and  then  passes  through  the  work  space 
in  which  the  contaminants  are  produced.  For  most  fixed  enclo- 
sures, the  air  should  move  at  least  100  feet  pei*  minute  across  the 
entrance  to  the  enclosure. 

Freely  Movable  Hoods  Freely  Movable  Hood  —  This  consists  of  a  movable  h^d,  attached 

'         to  a  fan.  The  fan  draws  ^it  from  the  work  space  aha  exhausts  it 

outdoors,  either  .directly  or  through  a  dust  collection  system.  The 
♦  hoods  normally  are  constructed  so  that  they  can  be  movted  into 

place  by  the  welder,  as  illustrated  in  Figure  34. 


Repriijted  from  Safety  and  Health  in  Arc  Welding  and  Gas  We/ding 
and  Cutting  (Cincinnati:  NIOSH,  1978),  p.  31. 

Figure  34 

Down-Draft  Benches  Down-Draft  Benches  -  Anpther  example  of^?  local  exhaust 

ventilation  is  the  down-draft  bench  or  table.  The  operation  is  per- 

•    •  formed  on  a  bench  or  table  which  has  an  open  grid  as  the  work 

surface.  Air  is  drawn  downward  through  the  grid  into  the  duct 
work  and  then  exhausted,  preferably  outdoors.  This  prevents  the 
contaminants  from  rising  into  the  person's  breathing  zone.  How- 
ever, to  function  properly  the  work  being  done  on  the  bench  must 
not  be  of  such  a  siz^»  that  it  covers  most  of  the  work  surface.  This 
would  obstruct  the  airflow  into  the  exhaust  system  (see  Figure  35).% 
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6acK  ondtidesh'erdthtQhiy 
dnirobie, enclose  sides  ond 
top  to  moke  ^ooth  if  procticol* 


Bench  lop 


Topered  toke'oM  necessoSry 
for  distribuitoit 


^  END  VIEW 

Typical  downdrott  bench.  ' 


Reprinted  from  Safety  and  Health  ip  Arc  Welding  and  Gas  Welding 
^     and  Cutting  {Cincinnati:  NIOSH,  1978),  p.  33. 

Figure  35 

Personal  protective  equipment  should  not  be  used  as  a  substitute 
for  feasible  engineering  or  administrative  controls.  However,  stu- 
dents who  encounter  physical  and  chemical  hazards  in  the  indu^ 
trial/vocational  education  shop  sometimes  will  need  such  personal 
protective  equipment  as  hearing  protectors,  respirators,  and  special 
clothing,  (aprons,  gloves,  etc.).  The  next  unit  will  be  devoted  to 
an  examination  of  the  types,  uses  and  limitations  of  personal 
protective  equipment  , 

Good  housekeeping  in  the  shop  goes  a  long  way  to  reduce  health 
hazards. 

Removing  dust  from  ledges  and  on  the  floor  prevents  its  dispersion 
into  the  shop  atmosphere.  A  regular  cleanup  schedule  using 
vacuum  lines  is  the  most  effective  method  of  removing  dust  frohi 
the  work  area.  In  the  absence  of  a  central  vacuuiti  cleaning  system, 
portable  vacuum  cleaners  should  be  used.  An  air  hose  for  blowing 
away  dust  should  not  be  used. 

Good  housekeeping  is  also  essential  where  solvents  are  stored, 
handled  and  used.  I^eaking  containers  or  spigots  should  be  cor* 
rected  immediately,  either  by  transferring  the  solvent  to  sound 
containers  or  by  repairing  the  spigots.  All  solvent-soaked  rags  or 
absorbents  should  be  disposed  of  in  airtight  metal  receptacles  and 
removed  dually  from  the  shop. 
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CONCLUSION 


Proper  training  and  education  are  essentiat  supplements  to  engi- 
neering controls.  The  student  must  'know,  t^e  proper  operating 
procedures  that  make  engineermg  controls  effective.  If  he  per- 
forms an  operation  away  from  an  exhaust  hood,  he  not  only  will 
defeat  the  purpose  of  the  control  but  also  will  contaminate  the 
work  area.  Since  new  materials  are  constantly  being  marketed  and 
new  processes  developed,  re-education  and  followup  instruction 
must  be  part  of  the  training  program. 

Instructors  may  include  knowledge  and  practice  of  environmental 
controls  as  one  factor  in  evaluating  a  student's  overall  shop  per- 
formance. 

The  instructor  or  supervisor^  who  is  av/are*>of  the  health  hazards 
Pl^esented  by  the  biological)  physical  and  chemical  agents  found  in 
tl}e  industrial/vocational  education  shop  has  taken  the  first  step  in 
limiting  these  hazards.  By  applying  the  control  measures  detailed 
in  this  unit,  he  can  limit  the  dangers  presented  by  radiation, 
vibra^oji  and  noise.  He  can  be  sure  that  chemical  agents  in  the 
shop  are  labeled  adequately, ^used  carefully  and  disposed  of  prop- 
erly. He  can  use  such*  engineering  controls^  as  substitution, 'isola- 
tion and  ventilation  to  pro'tect  gainst  the  three  modes  of  entry 
for  hazardous  substances.*' 

However,  engineering  controls  are  insufficient  to  protect  against 
some  physical  and  chemical  hazards.  Therefore,  the  instructor  and 
supervisor  need  to ,  understand  the  uses  of  personal  protective 
equipment  in  the  shop  safety  and  health  program. 


NOTES 

1.  Understanding  Noisa  and  Noise  Control^  a  publication  of  the 
Office  of  Noise  Abatement  and  Control,  U.S.  Environmental 
Protection  Agency  (June,  1978),  serves  as  the  source  for  much 
of  thisjsection. 

2.  Fundamentals  of  Industrial  Hygiene  (Chicago:  National  Safety 
Council,  1979),  p.  8.  The  definition  of  explosives,  corrosives, 
flammable  liquids  and  toxic  chemicals  are  adapted  from  this 
source. 

3.  Fundamentals  of  Industrial  Hygiene^  pp.  8—9. 

4.  Fundamentals  of  Industrial  Hygiene,  p.  221. 
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5.  This  disfjussion  on  ventUation  is  adapted  from  Safety  and  Arc 
Welding  and  Cutting,  Publication  No.  78-138  of  the  U.S. 
Department  of  Health,  Education,  and  Welfare,  NIOSH 
(January  1978),  pp.  28-34. 


QUESTIONS  AND  ANSWERS 


1.  What  are  the  three  categories  of.heatth  hazards? 


a.  biological  agents 

b.  physical  agents 

c.  chemical  agents. 


2.  What  part  of  the  body  is  most  susceptible  to  radiation  hazards? 


the  eye 


3.  What  is  a  Permanent  Threshold  Shift? 


A  Permanent  Threshold  Shift  is  a  condition  in  which  a  person 
permanently  loses  the  ability  to  hear  sounds  at  lower  decibel 
levels. 


4.  What  are  the  four  most  important  variables  which  determine  whether  sound  has  the 
potential  to  damage  the  hearing? 


a.  ihe  level  of  the  sound  as  measured  in  decibels 

b.  the  length  of  time  that  we  are  exposed  to  the  sound 
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c.  the  number  and  length  of  quiet  recovery  periods  l)etween 
periods  of  sound 

d.  personal  sensitivity  to  or  tolerance  for  sound. 


.   5.  .  What  are  the  three  basic  ways  to  control  noise? , 

a.  at  its  source 

b.  along  its^path 

c.  at  the  p'oint  of  hearing- 

 '  *  \     .     .     ,  ,     ,  , 

6.  What  are  three  health  hazards  presented  by  solvents? 

a.  dermatitis 

b.  irritation  of  the  respiratory  trdct 

c.  interference  with  the  central  nervous-system. 

 ,  >.  

7.  What  are  the  three  modes  of  entry  for  toxic  materials? 

•  ;  V 

a.  ingestion 

; 

C 

b.  skin  absorption  , 

c.  inhalation 

8.  What  is  the  difference  between  dermatosis  and  dermatitis? 


Dermatosis  refers  to  any  disease  of  tha  skin;  dermatitis  refers 
to  any  inflammation  of  the  skin. 
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9.  What  is  the  difference  between  a  primary  initant  and  a  sensitizing  agent? 


Primary -irritants  react  on  contact,  altering  the  chemistry  of  the 
jkin.  Sensitizing  agents  cause  an  allergic  reaction  to  develop  in 
some  persons  after  repeated  or  extended  exposure. 


10.  What  is  a  Threshold  Limit  Value? 


A  Threshold  Limit  Value  is  the  exposure  level  to  airborne 
concentrations  of  silbstances  uyder  which  most  people  can 
work,  day  after  day,  without  adverse  effect. 


\ 

11.  There  are  nine  important  ways  to  control  health  hazards  in  the  workplace.  Name  six. 


Any  six  from  among  the  following; 

a.  substitution  . 

b.  change  or  alteration  of  process 

c.  isolation  or  enclosure 

d.  wet  methods 

e.  .  general  or  dilution  ventilation 

f.  local  exhaust 

g.  personal  protective  devices 

h.  good  housekeeping 

i.  training  and  education. 
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CONTROLLING  NOISE  AT  ITS  SOURCE 


Of  the  three  approaches  to  noise  control,  source  control  is  preferable  to  palh  control  ot  control  at 
the  point  of  hearing.  It  makes  other  control  methods  unnecessary  and  eliminates  the  problem  for 
all  persons  affected.  In  Understanding  Noise  and  Noise  Control  (June  1978),  the  U.S.  Environ- 
mental Protection  Agency's  Office  of  Noise  Abatement  and  Control  suggests  ten  ways  ta  control 
noise  at  its  ^urce.  The  industrial/vocational  education  teacher  and  supervisor  will  want  to  apply 
these  suggestions  to  tile  school  setting. 

1.  Reduce  impact  noise  produced  when  parts  of  equipment  strike  one  another.  This  may  be 
accomplished  by: 

a.  reducing  the  si?:e  or  weight  of  the  impacting  mass 

b.  reducing  the  travel  of  the  impacting  mass 

c.  using  small  impact  force  over  a  longer  period,  rather  than  large  impact  force  over  a 
shorter  period 

d.  cushioning  the  impact  with  shock-absorbing  material 

e.  avoiding.the  Uoc  &f  metallic  material  on  both  impact  surfaces 

f.  applying  smooth  acceleration  to  impact  mass. 

2.  Reduc^peed  of  moving  parts  and  rotating  parts.  This  may  be  accomplished  by : 


a.  operating  motors,  turbines,  fans  and  so  forth  at  lowest  blade-tip  speeds  that  meet  job 
requirements 

b.  using  the  largest  diameter,  lowest  speed  fans  that  meet  job  requirements 

c.  using  centrifugal  or  squirrel  cage  fans,  which  are  not  so  noisy  as  propeller  or  vane  axial  , 
fans. 

3.  Reduce  ptessure  and  flow  Velocities  in  air,  gas  or  liquid  circulation  systems.  Reducing 
velocities  lessens  turbulence  which,  in  turn,  reduces  noise  radiation. 

4.  Balance  rotating  parts.  When  shafts,  flywheels,  pulleys  and  so  forth  are  not  in  balance, 
they  cause  structural  vibration  which  transniits  noii^e. 
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5.  Reduce  friction  in  rotating,  sliding  or  moving  parts.  When  friction  is  reduced,  the  smoother 
operation  of  parts  translates  into  lower  noise  levels.  Friction  is  reduced  by: 

a.  lubricating  moving  parts 

b.  properly  aligning  moving  parts 

c.  properly  polishing  smooth  surfaces x>n  moving  parts 

d.  properly  balancing  rotating  parts 

e.  replacing  eccentric  or  oUt-of-round  rotating  parts  or  any  worn  parts. 

6.  Reduce  flow  resistance  in  air  and  liquid  circulation  systems.  By  using  large-diameter,  low- 
velocity  pipes  and  ducts  and  by  ensuring  that  the  inside  surfaces  of  the  pipes  and  ducts 
are  smooth  and  free  of  obstruction  and  sharp  corners,  the  flow  will  be  streamlined  and 
lower  noise  levels  will  result. 

7.  hulate  vibration  uithin  equipment.  Steps  to  follow  to  prevent  a  vibrating  component  from 
transmitting  all  of  its  noise-producing  vibration  to  other  parts  and  surfaces  of  equipment 
include: 

a.  installing  the  vibrating  components  (motors,  pumps,  fans  and  so  forth)  on  the  most 
massive  part  of  the  equipment 

b.  installing  the  components  on  vibration-absorbing,  resilient  mounts 

c.  using  belt-  or  roller-drive  systems  rather  than  gear  trains 

d.  using  flexible,  not  rigid,  hoses  and  wiring. 

8.  Reduce  the  si^c  of  the  surface  radiating  the  noise.  As  a  rule,  the  larger  the  vibrating  surface, 
the  greater  the  noise  that  is  radiated.  When  vibrating  surfaces  are  reduced  in  size— for  exam- 
ple, b>  removing  excess  material,  cutting  out  portions  of  the  surface,  or  using  wire  mesh  in 
place  of  sheet  metal— the  noise  output  is  reduced. 

9.  Apply  tibration-damping  materials  to  vibrating  parts  and  surfaces.  The  concept  of  vibration 
damping  is,  quite  simply,  that  reducing  the  vibration  reduces  the  noise.  M^iterials  that  can 
be  applied  to  vibrating  surfaces  include  liquid  mastics  (such  as  automobile  undercoating), 
pads  (such  as  rubber,  felt,  adhesive  tape,  fibrous  blankets),  and  sheet  metal  laminates  or 
composites.  The  liquid  mastics  may  be  sprayed,  the  pads  may  be  glued,  and  the  sheet 
metal  laminates  may  be  bonded  directly  to  the  vibrating  surfaces. 
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10.  Reduce  the  leakage  of  noise  from  within  equipment.  Sealing  noise  within  a  piece  of  equip- 
ment is  another  simple  noise  control  concept.  This  may  involve: 

a.  sealinii  or  covering  all  unnecessary  holes  and  cracks 

b.  using  gaskets  around  all  electrical  and  plumbing  penetrations 

c.  installing  lids  or  shields  with  gaskets  over  functional  or  required  openings 

tl.  using  mufflers,  silencers  or  acoustically  lined  ducts  for  intake,  exhaust,  cooling  or 
ventilation  openings 

e.  directing  openings  away  from  the  equipment  operator,  and  to  the  greatest  extent 
possible,  away  from  other  workers 

f.  using  sound-absorbent  linings  on  inner  surfaces  of  equipment 

g.  using  vibration-damping  materials  on  vibrating  inner  surfaces  of  equipment. 
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EXAMPLES  OF  TOXIC  AND  CORROSIVE  AGENTS 


Aluminum.  In  welding  and  cutting  operations,  aluminupi  is  a  major  component  of  metals  and 
filler  metals.  The  inhalation  of  aluminum  dust  or  its  compounds,  including  aluminum  oxide  fumes, 
is  not  known  to  have^any  adverse  health  effects. 

Antimony,  Antimony  is  used  as  an  alloying  metal  in  many  specialty  metals.  Antimony  and  its 
compounds  irritate  the  skin  .and  mucous  membranes.  Skin  contact  with  antimony  can  result  in  a 
dermatitis  which  begins  as  an  inflammation  of  the  hair  follicles  and  progresses  through  pus  forma- 
tion and  sloughmg  to  leave  a  scar.  Symptoms  of  excessive  exposure  to  airborne  antimony  ar^  a 
metallic  taste  in  the  mouth,  vomiting,  loss  of  appetite  and  general  stomach  distress.  Chronic 
exposure'reduces  white  blood  cells  and  causes  liver  damage. 

Arsenic,  Arsenic  may  be  encountered  in  welding  and  cutting  operations  as  a  component  of  various 
alloys,  .where  it  gives  increased  heat  resistance  and  hardness.  Welding  or  cutting  on  metals  that  are 
painted  with  arsenic  compounds  also  can  be  hazardous.  Arsenic  is  a  poison  that  accumulates  in  the 
body.  It  is  deposited  in  many  bodily  tissues,  especially  in  the  liver  and  kidneys.  Fumes  and  dust 
produce  inflammation  of  mucous  membrane  surfaces,  irritation  of  the  eyes  and  exposed  skin  and  a 
husky  voice  and  cough.  Becauge  the  effects  of  arsenic  may  not  appear  for  weeks,  months  or  even 
years  after  exposure,  students  should  be  protected  from  all  contact.  Because  serious  skin  irritation 
results  from  contact  with  rubber  in  the  presence  of  arsenic,  respirators  used  for  protection  should 
not  be  made  of  rubber. 

Asbestos,  Asbestos  may  be  found  in  many  locations  in  the  industrial/vocational  education  shop. 
Hand-  and  power-operated  tools  may  produce  or  release  asbestos  fibers,  asbestos  pads  may  be  used 
for  welding  and  soldering;  p§rsonal  protective  equipment  (aprons,  gloves,  etc.)  may  contain  asbes- 
tos: students  repairing  brakes  or  machine  linings  may  be  exposed  to  asbestos.  Once  asbestos  fibers 
are  inhaled,  they  may  remain  trapped  in  the  lung,  where  the  body  tries  to  isolate  them  by  producing 
scar  tissue.  Long-term  exposure  to  high  concentrations  of  asbestos  fibers  causes  asbcstosis,  a  disease 
of  the  lungs,  and  is  thought  to  cause  cancer.  The  main  symptom  of  asbestosis  is  shortness  of  breath. 
Engineering  controls  include  isolation,  enclosure,  exhaust  ventilation  and  dust  collection.  Respira- 
tors and  special  clothing  also  may  be  necessary. 

Benzene  Benzene  (sometimes  called  benzol,  phenyl  hydride,  coal  naphtha)  is  classified  as  a  flamma- 
ble liquid  as  well  as  a  carcinogen.  Inhalation  of  high  concentrations  can  affect  the  central  nervous 
system.  High  concentrations  of  benzene  also  are  irritating  to  the  mucous  membranes  of  the  eyes, 
nose  and  respiratory  tract.  Exposure  to  benzene  also  can  lead  to  the  development  of  leukemia.  Its 
vapors  can  form  explosive  mixtures  and  burn  with  a  smoky  flame. 

Because  it  is  one  of  the  two  or  three  most  dangerous  organic  solvents  in  commercial  use,  benzene 
should  not  be  used  in  the  industrial/vocational  education  shop.  It  can  be  replaced  with  toluene  in 
most  lacquers,  synthetic  rubber  solutions  and  paint  removers.  Benzene  should  not  be  confused  with 
benzine,  a  petroleum  distillate. 
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Cadmium,  Cadmium  may  be  found  as  a  coating  on  metals  in  welding  shops.  Cadmium  is  used  fre- 
quentl>  as  a  rust  preventive  coating  on  steel  and  also  as  an  alloy.  Cadmium-plated  or  alloy  steel  may 
look  like  zinc-coated  steel.  Cadmium  oxide  (CdO),  the  brownish-yellow  fume  produced  when 
cutting  cadmium-containing  metals,  can  be  extremely  hazardous. 


Excessive  cfdmium  oxide  exposure  causes  no  marked  initial  discomfort.  However,  acute  symptoms 
occur  a  few  hours  later.  hese  symptoms  include  dry  cough,  irritation  of  the  throat  and  tightness  of 
the  chest,  and  lead  to  extreme  difficulty  in  breathing,  chest  pains  and  possible  death  from  pul- 
monary edema  (fluid  in  the  air  spaces  of  the  lungs).  Long-term  exposure  to  low  levels  of  cadmium 
in^the  air  can  result  in  kidney  damage  and  emphysema.  Adequate  ventilation  must  be  provided. 
Respirators  and  protective  clothing  offer  additional  protection.  • 

Carbon  Monoxide.  Carbon  monoxide  is  a  gas  usually  formed  by  the  incomplete  combustion  of 
various  fuels.  It  is  commonly  found  in  automotive  shops  from  engine  exhaust.  Portable  gas-filled 
heaters  also  produce  carbon  monoxide,  as  do  internal  combustion  engines  and  improperly  main- 
tained or  adjusted  burners  and  flues.  Carbon  monoxide  is  odorless  and  colorless  and  cannot  be 
detected  by  the  senses.  Common  symptoms  of  overexposure  include  pounding  of  the  heart,  a  dull 
headache,  flashes  before  the  eyes,  dizziness,  ringing  in  the  ears  and  nausea. 

Chromium,  Chromium  is  the  primary  alloying  agent  in  stainless  steel.  Some  chromium  compounds 
are  strong  oxidizing  agents  and  are  extremely  toxic  and  irritating  to  the  skin,  eyes  and  mucous 
membranes.  Workers  exposed  to  chromium  compounds  have  a  death  rate  from  lung  cancer  29 
times  that  of  the  average  population.  Although  welding  under  normal  conditions  will' not  produce 
hazardous  concentrations  of  chromium  compounds,  welding  of  stainless  steel  should  be  carried  out 
with  adequate  ventilation. 

Chlorinated  Hydrocarbon  Solvents.  Various  chlorinated  hydrocarbons  (e.g.,  trichloroethylene, 
perchloroethylene  and  carbon  tetrachloride)  are  used  in  degreasing  and  other  cleaning  operations. 
They  may  injure  the  liver,  cause  dermatitis  and  deprtess  the  central  nervous  system.  Skin  contact 
should  be  avoided.  A  respiri.tor  should  be  used  so  that  the  vapors  will  not  be  inhaled.  In  welding 
and  cutting  operations,  the  heat  and  ultraviolet  radiation  from  the  electric  arc  will  decompose  the 
vapors  of  these  solvents  and  form  highly  toxic  and  irritating  phosgene  gas  (see  Phosgene). 

Cobalt,  Cobalt  appears  as  an  alloying  agent  in  high-strength,  high-temperature  alloys.  Cobalt  pro- 
duces an  allergic  skin  irritation,  and  inhalation  of  cobalt  fumes  c^n  cause  shortness  of  breath  and 
coughing.  A  common  allergic  response  to  cobalt  dust  is  cobalt  pneumoconiosis,  which  can  be  fatal. 
Because  many  workers  become  sensitized  to  cobalt  at  concentration!  lower  than  the  legal  limit, 
engineering  controls  to  avoid  exposure  are  necessary.  i 

Epoxy  Resins.  Materials  which  should  be  regarded  as  hazardous  include  wet  or  uncured  epoxy 
resins  and  the  chemicals  used  to  harden,  thin,  strengthen  or  make  the  resin  flexible.  Dermatitis 
can  result,  from  handling  epoxy  resins  and  the  chemicals  used  to  manufacture  them  or  from  sanding 
or  polishing  epoxy  surfaces.  The  use  of  impervious  plastic  gloves  and  similar  protection  over  other 
skin  areas  can  help  prevent  this  condition.  Some  of  the  symptoms  of  dermatitis  include  redness, 
itching,  swelling  and  blisters.  Oozing,  crusting  and  scaling  of  the  skin  also  can  occur. 
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Respiratory  irritation,  headache,  nausea,  intestinal  upsets  and  other  conditions  may  result  from 
breathing  vapors  or  dust  from  the  various  epoxy  manufacturing  processes.  The  eyes  also  may  be 
affected  by  vapors  or  by  direct  contact. 

Fluorides.  Fluoride  compounds  are  found  in  the  coatings  of  several  types  of  fluxes  used  in  welding. 
Exposure  to  these  fluxes  may  irritate  the  eyes,  nose  and  throat  and  may  produce  painful  skin  burns.. 
Repeated  exposure  over  a  long  period  to  high  concentrations  of  fluorides  in  the  air  may  cause 
pulmonary -fdema  (fluid  in  the  lungs)  and  bone  damage.  Prolonged  exposure  to  fluoride  dusts  and 
fumes  also  may  cause  acute  systemic  poisoning. 

Hydrochloric  Acid,  Hydrochloric  acid  is  a  corrosive  substance  used  in  metal  work  as  a  flux  for 
soldering  galvanized  iron.  It  is  also  used  for  electroplating  and  pickling. 

Inhalation  of  excessive  concentrations  of  hydrochloric  acid  mist  results  in  irritation  of  the  upper 
resiiiratory  tract,  usually  limited  to  inflammation  of  thfe.nose,  throat  and  larynx.  Fortunately,  the 
pungent,  irritating  odor  gives  adequate  forewarning  of  hazard.  Ingestion  of  the  acid  causes  burning 
of  the  mucous  membranes  of  the  mouth,  es:/phagus  and  stomach.  The  major  protection  should  be 
local  exhaust  ventilation  and  enclosure  of  processes. 

•  Aqueous  solutions  of  hydrochloric  acid  cause  severe  skin  burns  unless  promptly  removed  with 
w£*.er.  Dermatitis  may  ensue  upon  repeated  contact  of  the  skin  with  diluted  solutions  of  the  acid. 
Protective  clothing  can  prevent  contact  with  the  skin,  and  protective  creams  can  prevent  irritation 
of  exposed  skin.  Prolonged  contact  with  the  eyes  may  result  in  permanent  visual  impairment  or 
total  loss  of  sight. 

There  is  no  conclusive  evidence  that  hydrochloric  adu  presents  chronic  systemic  health  hazards. 

Hydrochloric  acid  solutions  are  not  flammable.  However,  solutions  of  hydrochloric  acid  attack 
most  metals,  evolving  hydrogen,  which  may  form  explosive  mixtures  with  the  air. 

Hydrochloric  acid  solutions  must  be  stored  in  glass  or  in  rubber-lined  containers.  These  containers 
should  not  be  stored  with  or  near  oxidizing  agents,  pprticularly  nitric  acid  and  chlorates,  nor  highly 
flammable  substances.  Because  of  the  highly  corrosive  action  on  metals,  the  areas  should  be  well 
ventilated.  Whenever  hydrochloric  acid  is  -.pilled,  the  area  should  be  washed  immediately  with  a 
large  amount  of  water.  Lime  may  be  used  to  neutralize  spilled  acid  on  concrete,  wood  or  other 
reactive  or  absorbing  materials. 

Iron  Oxide,  During  the  welding  of  steel,  iron  oxide  fumes  arise  from  both  the  base  metal  and  the 
electrode.  The  primary  acute  effect  of  this  exposure  is  irritation  of  nasal  passages,  throat  and  lungs. 
Although  long-term  exposure  to  iron  oxide  fumes  may  result  in  iron  pigmentation  of  the  lungs, 
most  authorities  agree  that  these  iron  deposits  in  the  lungs  are  not  dangerous. 

Lead,  Lead  was  one  of  the  first  industrial  materials  to  be  recognized  as  a  serious  health  hazard.  The 
welding  and  cutting  of  lead-bearing  alloys  or  metals  whose  surfaces  have  been  painted  with  lead- 
based  paint  can  generate  kad  oxide  fumes.  Inhalation  and  ingestion  of  lead  oxide  fumes  and  other 
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lead  compounds  will  cause  lead  poisoning.  Symptoms  include  a  metallic  taste  in  the  mouth,  loss  of 
appetite,  nausea,  abdominal  cramps  and  insomnia.  In  time,<anemia  and  ^general  weakness,  chiefly 
in  the  muscles  of  the  wriste,  develop.  Prevention  of  lead  poisoning  is  almost  entirely  a  matter  of 
good  housekeeping  and  dust  control.  Ventilation  is  very  important. 

Lime.  To  name  but  a  few  of  its  many  uses,  lime  (quick  lime,  caustic  lime,  calcium  oxide)  is  found  as 
a  binding  material  in  building  materials,  a  dehydrating  agent,  a  flux  in  steel  manufacturing,  and  in 
the  manufacture  of  glass  and  paper.  It  is  a  caustic  and  rapidly  can  burn  the  skin,  eyes  and  upper 
airways  on  contact.  Inhaling  calcium  oxide  dust  can  cause  chemical  pneumonia.  If  pulverized  lime 
is  moistened,  it  forms  calcium  hydroxide,  which  generates  heat  as  well  as  carbon  monpxide  and 
carbon  dioxide.  Flammable  or  combustible  materials  must  not  be  stored  near  pulverized  lime  as 
they  may  be  ignited  from  the  heat  produced.  ) 

Workers  must  wear  goggles  and  gloves  when  handling  lime.  Eye  wash  and  emergency  shower  facili- 
ties must  be  available  in  the  immediate  area.  "Hydrated  pulverized  lime''  may  be  substituted  for 
pulverized  lime  as  it  is  not  heat-reactive  and  is  therefore  less  of  a  fire  hazard. 

Magnesium.  Magnesium  and  magnesium-aluminum  alloys,  both  found  as  alloys  in  steei,  are  used 
in  the  manufacture  of  structural  parts  for  airplanes  and  in  tool  making.  Welding  and  cutting  on 
magnesium-containing  metals  produce  magnesium  oxide  fumes.  Inhalation  of  these  fumes  can  irri- 
tate the  eyes,  no^  -  .id  throat  and  cause  metal  fume  fever  (see  Zinc).  Sometimes  printers  exposed  tp 
fine  dusts  have  a  chronic  cough. 

Manganese,  Mangane^  tumes,  released  near  reduction  furnaces  and  from  manganese-coated  welding 
rods,  can  cause  metal  fume  fever.  In  most  cases,  the  concentrations  of  "manganese  dioxide  fumes 
generated  during  welding  are  not  hazardous.  Nevertheless,  cases  of  manganese  poisoning  have  been 
reported.  Manganism  is  a  severely  crippling,  permanently  disabling  disease  of  the  nervous  system 
that  closely  resembles  Parkinson  s  di.<;pase.  Early  symptoms  are  weakness,  instability,  difficulty  in 
walking  and  monotonous  i;itermittent  speech.  To  avoid  the  hazards  of  manganese  fumes,  welding 
operations  must  be  well  ventilated. 

Mercury.  Mercury  compounds  are  used  to  coat  metals  to  prevent  rust.  Under  the  intense  heat  of  the 
arc  or  gas  flame,  mercury  vapors  are  produced.  Exposure  to  these  vapors  may  cause  stomach  pain, 
diarrhea,  kidney  damage  or  respiratory  failure.  Long-term  exposure  may  produce  tumors,  emotional 
instability  and  hearing  damage. 

Nitrogen  Oxides,  Nitrogen  Dioxide  and  Nitric  Acid.  Nitrogen  oxides  are  used  in  the  pickling  and 
etching  of  metals.  The  high  temperatures  used  in  processes  such  as  gas  and  electric  arc  welding 
especially  in  poorly  ventilated  areas*  can  oxidize  the  nitrogen  in  the  air  into  the  various  nitrogen 
oxides.  Exposure  may  occur  during  jewelry  manufacture,  brazing,  lithographing,  metal  cleaning, 
glass  blowing  and  electroplating.  Nitrogen  oxides  also  occur  in  garages  from  automobile  exhaust. 

The  nitrogen  oxides  are  extremely  irritating  to  the  eyes  and  upper  respiratory  tract.  Though  ex- 
posure to  concentrations  above  the  threshold  limit  causes  cough  and  immediate  chest  pain,  lower 
concentrations  can  be  inhaled  without  great  discomfort.  There  may  be  only  mild  signs  of  bronchial 
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irritation,  followed  by  a  five-  to  twelve-hour  symptom-free  period.  During  this  period,  the  nitrogen 
oxides  have  changed  into  nitrogen  dioxide,  and  the  nitrogen  dioxide  has  reacted  with  the  watery 
atmosphere  of  the  respiratory  tract  and  air  sacs  to  produce  nitric  acid.  The  nitric  acid  burns  the 
lungs  and  air  sacs. 

As  a  response  to  the  burning,  the  injured  tissue  pburs  out  flui^from  the  bloodstream.  If  this  fluid 
accumulates  in  the  lungs,  it  interferes  with  oxygen  exchange;  the  victim  may  suffocate  as  a  result  of 
pulmonary  edema.  Even  if  the  victim  recovers,  he  may  suffer  permanent  damage  to  the  small  air 
tabes  and  sacs,  resulting  in  frequent  lung  infection,  chronic  cough  and  shortness  of  breath.  Re- 
peated low-level  exposures  probably  cause  chronic  bronchitis.  * 

Nitric  acid  is  both  a  product  and  a  by-product.  A  corrosive,  it  may  be  used  in  the  industrial/voca- 
tional education  shop  for  pickling  and  etching  of  metals.  Gaseous  oxides  are  Tormed  when  nitric 
acid  comes  in  contact  with  certain  metals-^uch  as  copper,  brass  or  zinc-or  with  certain  organic 
materials--such  as  woodj  sawdust,  cloth  and  paper.  These  oxides  are  also  present  in  high  concen- 
trations during  various  processes  involving  the  use  of  nitric  acid.  Both  nitric  acid  vapors  and  the 
gaseous  oxides  can  destroy  tissue  on  contact  by  direct  chemical  action. 

Severe  and  deep  bur/s  may  be  produced  by  skin  contact  with  either  the  acid  or\he  concentrated 
vapor.  The  eyes  are  very  susceptible  to  injury,  and  immediate  severe  damage,  possibly  of  a  perma- 
nent  nature,  can  result  from  contact. 

1 

Nitric  acid  is  a  nonflammable  substance.  However,  it  is  a  strong  oxidizing  agent.  It  reacts  v^?orously 
with  most  metals  and  may  cause  spontaneous  ignition  when  in  contact  with  organic  materials  such 
as  sawdust,  wood  scraps,  shavings  and  paper.  The  acid  may  cause  an  explosion  when  in  contact  with 
certain  easily  oxidized  chemicals.  Under  certain  circumstances,  both  the  acid  and  the  vapor  will 
react  with  wood  cellulose,  cotton  and  similar  organic  materials  to  increase  their  flammability. 

Nitric  acid  should  be  stored  in  its  original  container.  It  should  be  kept  well  away  from  combustible 
materials  such  as  turpentine,  carbides,  hydrogen  sulfide  and  metallic  powders.  Nitric  acid  is  corro- 
sive to  most  metals  and  most  organic  materials. 

The  immediate  removal  of  the  acid  is  essential  in  the  case  of  accidental  spills.  A  large  amount  of 
water  should  be  used  if  the  floors  are  of  wood  or  if  other  combustible  materials  are  present. 

Oxalic  Acid  Oxalic  acid  is  a  good  reducing  agent  and  is  sometimes  used  for  bleaching  wood.  It  has 
the  appearance  of  lump  sugar.  It  is  a  strong  poison  if  ingested  and  can  also  cause  severe  burns  to  the 
eyes,  skin  and  nasal  passages. 

Chemical  goggles  must  be  worn  by  persons  who  handle  oxalic  acid.  Impervious  gloves  will  help  to 
prevent  skin  contact.  Workers  should  be  instructed  tc  wash  theii'  hands  and  faces  after  handling  the 
acid.  ^ 

\ 

Ozone  Ozone  may  be  found  in  the  industrial/vocational  education  shop  either  directly  or  in- 
directly. It  is  used  to  age  wood  <rapidly,  to  bleach  oils  and  to  dry  varnish  rapidly.  It  may  be  gen-v 


13-73 


Health  Hazards  


*  erated  by  such  electrical  equipment  as  copying  machines  and  electronic  air  fUters.  It  may  be  the 
result  of  electric  arc  welding,  where  enough  energy  is  released  into  the  atmosphere  to.  change 
nitrogen  and  oxygen  into  both  nitrogen  dioxide  and  ozone.  Without  ventilation,  the  ozone  concen- 
tration in  the  air  gets  up  to  about  .06  ppm  for  flux-coverea  electrodes,  and  up  to  about  .5  ppnr.  for  * 
barewire,  argon-shielded  welding  of  aluminum.  (The  TLV  is  .1  ppm.) 

Like  nitrogen  dioxide,  ozone  is  irritating  to  the  eyes  and  mucous  membranes.  Breai  iing  ozone  in 
low  concentrations  (above  .05  ppm)  may  cause  dryness  of  the  mouth,  headaches,  coughing  and 
pressure  or  p^iin  in  the  chest,  followed  by  difficulty  in  breathing.  Ozone  impairs  the  sense  of  sme^' 
disguises  other  odors,  alters  tastes  and  reduces  the  ability  to  think  clearly.  It  also  depresses  the 
nervous  system,  slowing  the  heart  and  respiration  and  producing  drowsiness  and  sleep.  Excessive 
'  exposure  may  produce  pulmonary  edema.  • 

General  ventilation  alone  may  be  sufficient  to  prevent  the  accumulation  of  ozone  in  inhabited 
spaces.  Enclosures  can  isolate  ozone  processes,  and  respirators  may  be  needed  in  some  situations. 

Phosgene,  F^^^e  is  a  gas  produced  whenever  a  compound  containing  chlorine  comes  in  contact 
with  a  flarwD' or  hot  metal,  as  occurs  in  some  types  of  welding,  or  with  ultraviole*^  light.  Low  con- 
centrations ai^  mildly  irritating  to  the  eyes,  nose,  throat  and  respiratory  passages.  Skin  contact 
causes  dermatitis.  Symptoms  of  slight  gassing  may  occur:  dry  burning  throat,  numbness,  vomiting, 
chest  pain  and  cough  with  phlegm.  There  may  be  a  shortness  of  breath. 

Phosgene  reacts  with  the  moisture  in  the  air  passages  to  produce  hydrogen  chlorid^.  As  with  the 
nitrogea  oxides,  the  reaction  to  a  moderately  high  exposure  is  delayed  for  several  hours.  V/hen  the 
gas  dissolves  in  the  fluid  of  the  lung  tissues,  ?t  causes  severe  burns.  Large  quantities  of  tissue  fluid 
then  flood  the  lungs,  resulting  in  pulmonary  edema. 

For  this  reason,  chlorinated  solvents  should  be  kept  well  away  from  welditig  operations  or  any 
operations  in  which  ultraviolet  radiation  or  intense  heat  is  pnerated.  Vejitifation  is  also  necessary. 

Refrigerants,  Problems  which  may  occur  during  installat*  ^n,  modification  or  repair  of  refrigeration 
units  are  leaks  and,  vexy  infrequently,  fire  or  explosion.  Refrigerants  may  be  considered  in  the 
following  classes: 

L  Nonflammable  substances  where  the  toxicity  is  slight,  such  as  some  fluorinated  hydro- 
carbons (Freon).  Although  considered  frirly  safe,  these  refrigerants  may  decompose  into 
highly  toxic  gases  (e.g.,  hydrochloric  acid,  chlorine,  phosgene)  upo:i  exposure  to  hot  sur- 
faces (sweating,  welding,  and  so  forth)  or  open  flames. 

2.  Foxic  and  corrosive  refrigerants  (e.g.,  methyl  chloride  and  ammonia)  may  be  flammable  in 
concentrations  exceeding  3.5  percent  by  volume.  Ammonia  is  the  most  common  refrigerant 
in  this  category  and  is  very  irritating  to  the  eyes,  skin  and  respiratory  system.  If  there  are 
large  releases  of  -m.Tionia,  the  ^area  must  be  evacuated.  Re-entry  may  be  made  by  wearing 
appropriate  respiratory  protective  devices  and  protective  impervious  clothing.  As  ammonia 
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is  readily  soluble  in  water,  it  may  be  necessar>'  to  spray  water  in  the  room  via  a  water 
mist-type  aozzle  to  lower  concentrations  of  ammonia. 

3.  Highly  flammable  or  explosive  substances  (e.g.,  propane,  ethylene)  must  be  used  with  strict 
controls,  safety  equipment  and  administrative  controls. 

If  a  refrigerant  escape^,  action  shouM  be  tai^en  for  removal  of  the  contaminant  from  the  premises. 
If  ventilation  is  used,  exhaust  from  the  floor  area  must  be  provided  for  heavier-than-air  gases  and 
fron^  the  ceiling  for  lighter-than-air  gases. 

Silicon  Dioxide,  Silicon  dioxide  (free  silica)  is  found  as  a  constituent  in  the  coatings  of  several 
welding  rods.  It  also  occurs  in  a  free,  finely  divided  dust  as  the  jesult  of  blasting  and  drilling.  De- 
pending on  the  extent  of  welding,  si^ificant  concentrations  of  airborne  free  silica  can  be  generated. 
Long-term  exposure  to  excessive  concentrations  can  lead  to  silicosis,  a  development  of  scar  tissues 
in  the  lungs  which  prevents  normal  breathing.  Like  asbestosis,  silicosis  is  incurable. 

Sulfuric  Acid,  Sulfuric  acid  is  a  strong  dehydrating  and  oxidizing  ag-nt  often  found  in  pickling 
operations.  It  is  rapidly  destructive  to  tissues,  producing  severe  burns.  Concentrated  solutions 
rapidly  destroy  any  body  tissue  with  which  they  may  come  in  contact.  Contact  with  the  eye  will 
result  in  almost  immediate  severe  damage.  Blindness  may  result  if  not  pron!f5tly  treated. 

The  inhalation  of  concentrated  vapor  or  mist  from  hot  acid  will  cause  damage  to  the  upper  respira- 
tory tracf  and  possibly  to  the  lung  tissue.  Continued  inhalation  of  xnis^  may  cause  a  chronic  inflam- 
mation of  the  upper  respiratory  tract  and  chronic  bronchitis.  Dermatitis  may  result  from  repeated 
contact  with  dilute  solutions. 


Sulfuric  acid  is  not  i.ammable.  In  high  concentrations  it  may  cause  ignition  of  combustible  ma- 
terials by  contact.  The  acid  reacts  with  most  metals  to  produce  highly  flammable  hydrogen.  The 
acid  in  its  concentrated  form  reacts  violently  with  organic  materials  and  water,  with  evolution  of 
heat,  To  determine  if  a  hazardous  mixture  of  hydrogen  (produced  by  the  action  of  the  acid  on 
metal)  and  air  exists,  commercial  gas  indicators  are  available.  . 

Containers  of  acid  should  be  isolated  from  organic  or  combustible  materials  ot  oxidizers  such  as 
nitrates,  carbides,  chlorates  and  metallic  powders. 

Be  se  hydrogen  may  be  generated  inside  a  drum  or  metal  storage  tank  containing  sulfuric  acid, 
ai:  ns  of  ignition  should  be  kept  from  these  containers.  Spills  should  be  removed  quickly  by 
flushing  the  contaminated  area  with  a  large  amount  of  water  or  by  covering  the  area  with  dry  sand, 
ashes  or  gravel  if  no  water  is  available.  Any  remaining  traces  of  the  acid  should  be  neutralized  with 
soda  ash  or  lime. 

Sulfuric  acid  is  highly  corrosive  to  most  metals.  NFPA  49,  Hazardous  Chemicals  Data,  provides 
safety  information  dh  this  acid  and  others  discussed  in  this  appendix. 
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Zinc  and  Zinc  Oxide,  Zinc  is  used  in  large  quantities  in  the  production  of  galvanized  metal,  brass 
and  various  other  alloys.  Inhalation  of  zinc  oxide  fumes  can  occur  when  welding  or  cutting  on 
zinc-coated  metals.  Exposure  to  these  fumes  can  cause  metal  fume  fever.  Symptoms  of  metal  fume 
fever  are  very  similar  to  those  of  common  influenza.  They  include  fever  (rarely  exceeding  102°F), 
chUls,  nausea,  dryness  of  the  throat,  cough,  fatigue  and  general  weakness  and  aching  of  the  head 
and  body.  The  victim  may  sweat  profusely  for  a  few  hours,  after  which  the  body  temperature 
begins  to  return  to  normal.  The  symptoms  of  metal  fume  fever  rarely,  if  ever,  last  beyv  ^  a  few 
hours.  The  subject  then  can  return  to  work  without  any  apparent  after  effects  but  with  an  im- 
munity to  the  fumes.  However,  thi'.  immunity  is  lost  after  a  day  or  two  away  from  the  job.  There- 
fore, workers  are  more  sustootible  to  the  onset  of  metal  fume  fever  on  Mondays  or  on  weekdays 
following  a  holiday ^than  they  a:  on  other  days. 
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PART  I  -  NATURE  OF  HAZARDS  AND  HOW  TO  PROTECT  AGAINST  THEM 

The  number  of  statements  used  on  a  label  wUl  depend  on  the  ha  ard  the  substance  presents.  Ex- 
tremely dangerous  materials  wUl  require  extensive  warnings  and  detailed  instructions  for  safe  use 
The  following  statements  are  taken  from  An  Identification  System  for  Occupationallv  Hazardous 
Materials  (U.S.  Department  of  Health,  Education,  and  Welfare,  NIOSH,  1974). 

A.  Health  Hazards 

The  major  considerations  in  determining  health  hazards  are: 


• 


the  modes  of  entry  ^ 

the  speed  of  attack 

the  effects,  whether  chronic  or  acute. 


ERLC 


1.  Nature  of  the  hazard  -  The  following  are  the  statements  recommended  bv 
NIOSH  to  identify  on  the  label  the  health  hazard  of  a  given  substance. 

> 

—  Fatal  if  swallowed. 

—  Fata]  if  inhaled. 

—  Fatal  if  absorbed  through  the  skin. 

—  Harmful  if  swallowed. 

—  Harmful  if  inhaled. 

—  Harmful  if  absorbed  through  the  skin. 

—  Can  cause  allergic  respiratory  reaction. 

—  Can  cause  allergic  skin  reaction. 

—  Vapor  (gas)  may  cause  suffocation. 
Causes  eye  bums. 

—  Causes  eye  irritation. 
~  Causes  burns. 

—  Causes  irritation. 

—  Can  be  fatal  or  cause  blindness  if  swallowed. 

—  Cannot  be  made  nonpt^isonous. 

—  Repeated  absorption  can  cause  bladder  tumors. 

—  Rapidly  absorbed  through  skin. 

—  Inhalation  can  be  fatal  or  cause  delayed  lung  df  nage. 

—  Harmful  if  inhaled  and  can  cause  delayed  lung  damage. 

—  Can  cause  delayed  effect. 

—  Vapor  extremely  irritating. 

—  Extremely  irritatin**  gas  and  liquid  under  pressure. 
~  Gas  extremely  irritating. 

—  Lung  injury  and  burns  may  be  delayed. 

—  Contact  with  water  or  moist  air  liberates  irritating  gas.  / 

—  Contact  with  acid  liberates  poisonous  gas. 
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—  Contact  with  water  or  acid  slowly  liberates  poisonous  and  flammable  hvdro- 
gen  sulfide  gas. 

—  Liberates  gas  which  may  caase  suffocation. 

—  Repeated  inhalation  or  skin  contact  can,  without  symptoms,  increase  hazard. 

—  Causes  severe  burns  which  may  not  be  immediately  painful  or  visible. 

—  Can  cause  rash  or  eftcternal  sores. 

*      —  Can  cause  burns  or  sxternal  sores. 

—  Liquid  or  vapor  causes  bums  which  may  be  delayed. 
May  cause  eye  injury— effects  may  be  delayed. 

—  Liquid  penetrates  shoes  and  leather  causing  delayed  burns. 

—  May  cause  sterility. 

—  May  affect  unborn  children. 

—  Cancer  suspect  agent.  . 

2.  Action  necessary  to  protect  against  hazard  —  The  following  are  the  action  state- 
ments recommended  by  NIOSH  for  use  on  labels  of  a  substance  which  presents 
a  health  hazard. 

,  ^  —  Do  not  breathe  dust. 

—  Do  not  breathe  vapor. 

—  Do  not  breatlie  mist. 

—  Do  not  breathe  gas. 

—  Do  not  get  in  eyes,  on  skin  or  clothing. 

—  Prevent  contact  with  food,  chewing  or  smoking  materials. 

—  Wash  thoroughly  after  handling. 

—  Use  only  hi  well  ventUated  area. 

—  Keep  contaiiier  closed. 

—  Avoid  prolonged  or  repeated  contact  with  skin. 

—  Do  not  enter  storage  areas  unless  well  ventilated. 

—  Avoid  breathing  dust  of  solution  spray  or  vapor. 

—  Avoid  prolonged  or  repeated  breaUiing  of  vapor.  \ 

—  Use  special  protective  clothing  and  gloves. 

—  Wear  goggles;  neoprene,  butyl  or  vhiyl  gloves,  neoprene  shoes  or  boots: 
and  clean  protective  outer  clothing. 

Wear  goggles;  neoprene,  butyl  rubber  or  vinyl  gloves. 

Always  wear  a  self-contained  breathing  apparatus  or  full-face  airline  respira- 
tor when  using  this  product. 

—  Have  available  emergency  self-contained  breathing  apparatus  or  full-face 
airl  ne  respirator  when  using  this  product. 

—  Wear  respirator  approved  by  NIOSH  or  the  U.S.  Bureau  of  Mines  for  organic 
vapor,  dust,  etc. 

Wear  goggles  or  face  shield,  rubber  gloves  and  protective  clothing  when 
handling. 

—  Do  not  wear  ordinary  rubber  protective  clothing,  including  gloves  and  boots. 

—  Do  not  taste. 
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-  This  gas  deadens  the  sense  of  smell.  Do  not  depend  on  odor  to  detect  pres- 
ence of  gas. 

-  Use  fresh  clothing  daily.  Take  hot  shower  at  end  of  work  shift  using  plenty 
of  soap. 

—  POISON  (with  skull  and  crossbones  symbol). 

—  Avoid  exposing  women  of  child-bearing  age. 

B.  Fire  Hazards  ^ 

The  major  considerations  in  determining  fire  hazards  are: 


•  vapor  pressure  and  density 

•  auto-ignition  temperature 

•  explosive  limits 

•  viscosity 

•  products  of  combustion 
extinguishing  media 


1.  Nature  of  the  hazard  -  The  following  are  the  statements  recommended  by 
NIOSH  to  identify  on  the  label  the  fire  hazard  of  a  given  substance. 

-  Strong  Oxidizer  —  contact  with  other  materials  may  cause  fire. 

-  Catches  fire  if  exposed  to  air. 

-  Spillage  may  cause  fire  or  liberate  dangerous  gas. 

-  Highly  volatile. 

-  Contact  with  water  or  acid  slowly  liberates  flammable  gas. 

-  Contact  with  water  may  cause  flash  fire. 

-  May  ignite  if  allowed  to  become  damp. 

-  Heat,  shock,  or  contact  with  other  materials  may  cause  fire  or  explosive 
decomposition. 

-  Contact  with  other  materials  may  cause  fire  or  explosion,  especially  if  heated. 

2,  Actions  necessary  to  protect  against  ha-zard  -  The  following  are  action  state- 
ments recommended  by  NIOSH  for  use  on  the  label  of  a  substance  which  pre- 
sents a  fire  hazard. 

-  Keep  away  from  fire,  sparks  and  open  flame. 

-  Keep  from  contact  with  clothing  or  combustible  materials  to  avoid  fire. 

~  Drying  of  this  product  on  clothing  or  combustible  materials  may  cause  fire. 

-  Spills  on  clothing  or  combustible  materials  may  cause  fire. 

-  Contents  packed  under  water  will  ignite  if  water  is  removed. 

-  Avoid  friction  or  rough  handling  because  of  fire  hazard. 

~  Keep  wet  in  storage-tiry  powder  may  ignite  by  friction,  static  electricity  or 
heat. 
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—  Wear  goggles  or  face  shield  and  fire-retard  ant  clothing  when  handling. 

—  Clothing  and  vegetation  contaminated  with  chlorate  or  its  solutions  are 
DANGEROUSLY  FLAMMABLE.  Remove  clothing  and  wash  thoroughly  in 
water.  Keep  persons  and  animals  off  treated  areas. 

—  Store  in  cool  place.  ^ 

~  Keep  container  tightly  cliDsed. 

—  Loosen  closufi^autiously  before  openi^^g. 
-  —  Store  in  cool  dry  place. 

—  Store  in  a  cool  place  in  original  contair  er  and  protect  from  direct  sunlight. 
~  In  case  of  fire,  stop  flow  of  gas.  Use  dry  chemical  or  carbon  dioxide  when 

necessary  to  gain  access  to  valve. 

—  Avoid  spUlage  and  contact  with  moisture  or  combustion. 

—  In  case  of  spUlage,  flush  with  plenty  of  water  and  remove  contaminated 
articles. 

—  Flush  area  with  water  spray. 

—  In  case  of  fire,  smother  with  dry  sand,  dry  ground  limestone  or  dry  powder 
type  materials  specially  designed  for  metal  powder  fires. 

—  Spillage  may  cause  fire.  Do  not  get  on  floor.  Sweep  up  and  remove  immedi- 
ately. 

C.  Reactivity  Hazards 

The  major  considerations  in  determining  reactivity  hazards  are  the  substance's 

•  sensitivity  to  detonation  by  shock  or  heat 

•  tendency  to  rapid  polymerization 

•  reactivity  with  common  substances 

t    ability  to  supply  oxygen  in  a  fire  situs  ,  on 
W   other  special  harmful  properties 

1.  Nature  of  the  hazard  -  The  following  are  statements  recommended  by  NIOSH 
to  identify  on  the  label  the  reactivity  hazard  of  a  given  substance. 

—  Powerful  oxidizer. 

—  Strong  oxidizer. 

♦  —  Strong  acid. 

—  Strong  caustic  (alkali). 

•  —  Causes  severe  burns  which  may  not  be  immediately  painful  or  visible. 

—  Heat,  shock,  or  contact  with  other  materials  may  cause  fire  or  explosive, 
especially  if  heated. 

—  Contact  with  other  material  may  cause  fire  or  explosive,  especially  if  heated. 

—  Reacts  violently  with  water  liberating  and  igniting  hydrogen. 

—  Msfy  form  explosive  peroxides. 

—  Forms  shock-sensitive  mixtures  with  certain  other  materials. 

—  May  explode  if  water  content  is  10%  or  below. 
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—  Contamination  may  result  in  dangerous  pressure. 

—  Liquid  and  gas  under  pressure. 

—  Extremely  cold  ( (    F    (    C)  below  zero) ). 

—  High  explosive. 

—  Explosive. 

^  Inhibited  monomer  subject  to  violent  polymerization. 

—  Liquid  and  gas  under  pressure.  ^ 

—  Gas  under  pressure. 

Actions  necessary  to  protect  against  hazard  -  The  following  are  action  state- 
ments recomiiiended  by  NIOSH  for  use  on  the  label  of  a  substance  which  pre- 
sents a  reactivity  hazard. 

—  Keep  from  contact  with  oxidizing  materials,  highly  oxygenated  or  halo- 
genated  solvents,  organic  compounds  containing  reducible  function  groups 
or  aqueous  ammonia. 

—  Keep  from  contact  with  oxidizing  matp-iais. 

"  Keep  from  contamination  from  any  source  i^^'uding  metals,  dust  and  organic 
materials.  Such  contamination  can  cause  rapid  decomposition,  generation  of 
high  pressures  or  formation  of  explosive  mixtures. 

—  Solidifies  at  about  _  ^  (_°C)  and  may  break  container.  Store  in  moderately 
warm  place. 

-T  Keep  from  any  contact  with  water. 
-4  Use  only  dry,  clean  utensils  in  handling. 

—  Whfle  making  solutions,  add  slowly  to  surface  to  avoid  violent  splattering. 

—  Keep  wet  in  storage-dry  powder  may  ignite  by  friction,  static  electricity  or 
heat. 

—  Do^  not  add  to  hoi  materials;  do  not  grind  or  subject  to  frictional  ^eat  or 
shock— explosive  decomposition  may  result. 

—  Prevent  contamination  with  readily  oxidizable  materials  and  polymerization 
accelerators. 

—  Do  not  allow  to  evaporate  to  near  dryness.  Addition  of  water  or  appropriate 
reducing  materials  will  lessen  peroxide  formation. 

Do  not  add  water  to  contents  while  in  a  container  because  of  violent  reaction 
and  possible  flash  fire. 

—  Do  not  attempt  to  loosen  or  remove  material  from  container  with  any  tool. 

—  Wear  goggles  and  DRY  gloves  when  handling. 

—  Put  nothing  else  in  this  container. 

—  Keep  dry  and  handle  only  in  suitable  equipment  to  prevent  mecallic  con- 
tamination. Consult  manufacturer. 

—  Keep  container  tightly  closed  and  away  from  water  or  acids. 

—  Keep  container  tightly  closed;  flush  container  clean  before  discarding. 

—  Do  not  put  in  stoppered  or  closed  container. 

—  Note:  Suck-back  into  cylinder  may  cause  explosion.  Under  no  circumstances 
should  the  cylinder  entry  tube  be  inserted  in  a  liquid  or  gas  without  a  vacuum 
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break  or  other  protective  apparatus  in  the  line  to  prevent  suck-back. 
Store  in  original  vented  container. 
Store  in  cool  place. 

Keep  drum  in  upright  position.  Do  not  roll  drum  on  side* 
Handle  under  inert  gas  atnjiosphere  in  DRY  equipment. 
Keep  from  freezing. 

Loosen  closure  cautiously  before  opening* 

Store  separately  from,  and  avoid  contact  with,  dehydrating  materials  and 
other  materials*  \ 
Keep  away  from  fire. 

Open  container  carefully  und  only  in  dry  oxygen-free  or  inert  atmosphere. 
Store  in  cool  dry  place. 

Store  in  cool  place  in  original  container  and  protect  from  direct  sunlight* 

Keep  container  closed  to  prevent  drying  out. 

Do  not  heat  cylinders. 

Keep  away  from  acids  and  heat, 

l^ever  revum  unused  HYDROGEN  PEROXIDE  to  container.  Dilute  with 
plenty  of  water. 

•  Avoid  spfllage  and  contact  with  moisture  or  combustibles*         ^  / 

'  Fire  or  high  temperatures  may  cause  ex^/josive  decomposition  if  confined, 
'  In  case  of  fire,  smother  with  dry  sand,  dry  ground  limestone  or  dry  powder 

type  materials  specially  designed  for  metal  powder  fi^e^  Do  not  use  carbon 

tetrachloride,  carbon  dioxide  extinguishers  or  water.. 

•  Do  not  use  air  pressure  to  transfer* 
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PART  II  -  FIRST  AID  STATEMENTS 


The  following  are  ten  first  aid  statements  recommended  by  NIOSH  for  use  on  the  label  of  a  haz- 
ardous substance.  Most  manufacturers  will  provide  on  request  appropriate  first  aid  directions. 

CALL  A  PHYSICIAN  AS  SOON  AS  POSSIBLE  -  If  swaUowed,  induce  vomiting  by 
sticking  finger  down  ^throat  or  by  giving  soapy  or  strong  salty  water  to  drink.  Repeat 
until  vomit  is  clear.  Never  give  anything  by  mouth  to  an  unconscious  person. 

CALL  A  PHYSICIAN  AS  SOON  AS  POSSIBLE  -  iln.case^of  contact,  immediately  flush 
eyes  or  skin  with  plenty  of  water  for  at  least  15  minutes  while  removing  contam- 
inated clothing  and  shoes.  Wash  clothing  beiore  reuse.  (Discard  contaminated  shoes). 

1  CALL  A  PHYSICIAN  AS  SOON  AS  POSSIBLE  -  If  inhaled,  remove  to  fresh  air.  If  not 
breathing  'pve  artificial  respiration,  preferably  mouth-to-mouth.  If  breathing  is 
difficult,  give  oxygen, 

CALL  A  PHYSICIAN  AS  SOON  AS  POSSIBLE  -  In  case  of  eye  contact,  immediately 
flush  eyes  with  plenty  of  water  for  at  least  15  minutes.  Remove  contact  lenses  if 
worn. 

CALL  A  PHYSICIAN  AS  SOON  AS  POSSIBLE  -  In  case  of  contact,  fmmediately  flush 
eyes  with  plenty  of  water  for  at  least  15  minutes.  Flush  skin  Vi^ith  water,  (Wash 
clothing  before  reuse.)  /^^-^'i 

In  case  of  contact,  immediately  wash  skin  with  soap  and  plenty  of  water.  1 
Do  NOT  induce  vomiting.  Call  a  physician  as  soon  as  possible. 
Antidote:  (indicate  commonly  available  antidote.) 

Note  to  Physicians:  (Give  detailed  specific  treatment  including  drug  dosage,) 
Call  the  Life  Squad  or  local  emergency  unit. 
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PART  m  -  CLEANUP  AND  DISPOSAL  INSTRUCTIONS 


The  following  are  cleanup  and  disposal  instructions  recommended  by  NIOSH  for  use  on  the  label 
of  a  hazardous  substance.  For  information  regarding  applicable  local,  state  and  federal  regulations, 
the  industrial/vocational  education  supervisor  and  instructor  should  contact  the  appropriate  govern- 
ment bureau,  including  the  Environmental  Protection  Agency 

—  Flush  spill  area  with  water  spray. 

—  Soak  up  spill  with  sand  or  earth.  Do  not  use  waver. 

—  Flush  away  spill  by  flooding  with  water  applied  quickly  to  entire  spill. 

—  Keep  upwind  of  leak:  Evacuaite  enclosed  places  until  gas  had  dispersed. 

—  Dike  spill  and  decomtaminate  by  . . .  \ 

—  Do  not  flush  into  sewers. 

—  Dispose  of  sodium,  by  burning  carefully  in  ^n  open  f pre. 

—  Sweep  up  spillage  with  strong  calcium  hypochlorite  solution. 

—  Treat  spillage  with  strong  calcium  hypochlorite  solution  and  flush  to  sewer. 

—  In  case  of  spillage,  keep  wet  and  remove  care|fully. 

—  Soak  up  with  rags  and  dispose  in  covered  metal  containers. 

—  Consult  local  solid  waste  regulations  for  safe  jdisposal. 

—  Do  not  sweep.  Use  vacuum  cleaning  equipment  only. 
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APPENDIX  D 

SAMPLE  MATERIAL  SAFETY  DATA  SHEET 

The  following  Material  Safety  Data  Sheet  is  recommended  as  part  of  An 
Identification  System  for  Occupationally  Hazardous  Materials  (U.S.  Depart- 
ment of  Health,  Education,  and  Welfare,  NIOSH,  1974). 
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MATERIAL  SAFETY  DATA  SHEET 


!  PRODUCT  identiftcat;on 

MANUFACTURER'S  NAME 

REGULAR  TELEPHONE  NO. 
EMERGENCY  TELEPHONE  NO. 

ADDRESS 

TRADE  NAME 

SYNONYMS 

II  HAZARDOUS  tr46REDIENTS 

MATERIAL  OR  COMPONENT 

% 

HAZAR.D  DATA  | 

III  PHYSICAL  DATA 

BOILING  POINT,  760  MM  HO  ^ 

MELTING  POINT 

SPECIFIC  GRAVITY  (H^O-  1)  ' 

VAPOR  PRESSURE 

VAPOR  DENSITY  (AIR  -  1) 

SOLUBILITY  IN  H^O,  %  BY  WT. 

%VDLATILES  BY  VOL. 

EVAPORATION  RATE  (BUTYL  ACETATE  «  1) 

APPEARANCE  AND  ODOR 
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IV  FiRE  AND  EXPLOSION  DATA 


— \  ■ 

FLASH  POINT 
(TEST  METHOD) 

AUTOIGNITIO.' 
TEMPERATURE 

FLAMMABLE  LIMITS  IN  AIR,  %  BY  VOL.                               LO;VER  UPPER 

EXTINGUISHING 
MEDIA 

t>PECIAL  FIRE 

FIGHTING 

PROCEDURES 

UNUSUAL  FIRE 
AND  EXPLOSION 
HAZARD 

\ 

V  HEALTH  HAZARD  INFORMATION 


HEALTH  HAZARD  DATA 


ROUTES  OF  EXPOSURE 


INHALATION 


SKIN  CONTACT 


SKIN  ABSORPTION 


EYE  CONTACT 


INGESTION 


EFFECTS  OF  OVEREXPOSURE 
A^JTE  OVEREXPOSURE 


CHRONIC  OVEREXPOSURE 


EMERGENCY  AND  FIRST  AID  PROCEDURES 


EYES 


SKIN 


INHALATION 


INGESTION 


NOTES  TO  PHYSICIAN 


13-90 


VI  REACTIVITY  DATA 

CONDITIONS  CONTRIBUTING  TO  INSTABILITY 


INCOMPATIBILITY 

HAZARDOUS  DECOMPOSITION  PRODUCTS 


CONDITIONS  CONTRIBUTING  TO  HAZARDOUS  POLYMERIZATION 


VI  SPILL  OR  LEAKPROCEDUFiiS 

STtPS  TO  BE  TAKEN  ;F  MATHRIAL  IF  RELEASED  OR  SPILLED 
NEUTRALIZING  CHEMICALS 

0 

WASTE  DISPOSAL  METHOD 


VIII  SPECIAL  PROTECTION  INFORMATION 

VENTILATION  REQUIREMENTS 

^   \ 

SPECIFIC  PERSONAL  PROTECTIVE  EQUIPMENT 

RESPIRATORY  (SPECIFY  IN  DETAIL)  ^ 

EY^E 

GLOVES 

OTHER  CLOTHING  AND  EQUIPMENT 
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IX  SPECIAL  PRECAUTIONS 


PRECAUTIONARY 
STATEMENTS 


OTHER  HANDLING  AND 
STORAGE  REQUIREI^ENTS 


PREPARED  BY 


ADDRESS- 


DATE 


ERIC 
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APPENDIX  E 
CHEMICAL  CAUSES  OF  SKIN  MALADIES 


Adapted  and  reprinted  with  permission  from  Fundamentals  of  Indus- 
trial Hygiene.  2nd  ed.  (Chicago:  National  'Safety  Council,  1979), 
pp.  209-215. 
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TABLE  17 


Irritant  or  Agent 


CHEMICAL  CAUSES  OF  SKIN  MALADIES 


Primary 
Irritants 


Sensitizers 


Manifestations  of  Irritating  Action 
on  the  Skin  (More  important  dam- 
ages may  result  in  other  organs.) 


Typical  Occupations,  Trades  or  Proc- 
esses Where  Exposure  may  Occur 


CO 


ERIC 


ACIDS 

Chromic  ' 

*  Hydrochloric 

Nitric 

Oyallc 
Picric 

Sulfuric 


X 
X 


X 
X 


Ulcers  ("chrome  holes")  on  skin,  inflam- 
mation and  perforation  of  nasal  septunn^ ' 

Irritation  and  ulceration  of  skin 
Severe  skin  burns  and  ulcers  . 


Local  caustic  action  on  skin,  bluish 
discoloration  and  brittleness  of  nails 

Red  rash  (resembling  that  of  scarlet  fever), 
itching  skin,  a  yellow  discoloration  of 
skin  and  hai/  which  is  neither  a  derijiatitis 
nor  a  dermatosis 

Corrosive  action  on  skin,  severe  inflam- 
mation of  mucous  membranes 


Platers,  manufacturing  chemicals  and 
dyestuffs  * 

Bleachers,  pickl^rs  (metals),  refiners 
(metals),  tinners,  chemical  manufacturing 

Nitric  acid  workers,  eletroplaters,  metal 
refiners,  acid  dippers,  nitrators,  soda 
makers  ^ 

Tannery  workers,  blueprint  paper  makers, 
oxalic  acid  makers 

Explpswes  vyorkers,  picric  acid  makers, 
duers  and  dye  makers,  tannery  v/orkers 


Nitrators,  picklers  (metals),  dr^jpers, 
chemical  manufacturing 


ALKALIS 

Sodium  or  polassium 
cyanide  • 


Blisters,  ulcers 


Electroplaters,  case  hardenitig,  extraction 
of  gold 


•  OILS 

Cutting  oils—oil  emul- 
sions or  soluble  oil 
•  mixtures  • 

SALTS  OR  ELEMENTS 

Antimony  and  its 
compounds 


Oil  acne,  inflammation  of  hair  follicles 


Irritation  and  eczematous  eruptions 
of  skin  V' 


Machir)ists 
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Antimony  extractors,  glass  and  rubber 
mixers,  manufacturing  of  various  ^loys, 
fireworks,  and  aniline  colors 
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TABLE  17  (Concluded) 


Irritant  or  Agent 


Primary 
Irritants 


Sensitizers 


Arsenic  and  its 
compounds 


SOLVENTS 
Acetone  - 


Benzene  and  its 

homologues  (toluene 
and  zylene 

Carbon  disulfide 


Chlprinated  phenois 
Petroleum  distillates " 

Trichloroethylene 
Turpentine 


X 
X 

X 
X 


SOAPS  AND  SOAP  POW- 
DERS containing  an 
excess  of  free  alkali! 


X 
X 

X 

X 


Manifestations  of  Irritating  Action 
on  the  Skin  (More  important  dam- 
ages may  result  in  other  organs.)  ' 


Typical  Occupations,  Trades  or  Proc- 
esses  Where  Exposure  may  Occur 


Darkening  of  skin,  perforation  of  nasal 
septum,  epithelioma,  formation  of  horny 
growth  or  tissue  on  palm,  eczema  around  , 
nose  (possible  loss  of  mails  and  hair) 


Dry  fdefatted)  skin 


Dry  (defatted)  skin 


Dry  (defatted)  irritated  skin 


Severe  eruptions 

s 

Acne,.epithelioma- 

Dry  cracked  skin 

Red  or  blistered  skin,  eczema 


Artifical  leather  makers  carroters  (felt 
hats),  manufacturing  insecticides,  glass 
industry  and  vermicides,  manufacturing 
artifical  flowers,  calico  printing 


Spray  painters,  celluloid  industry, 
artificial  silk'  and  leather  workers,  ace- 
tylene workers,  lacquer  and  varnish  * 
makers,  efectrical  equijjment 
nfianufacturing 

Chemical,  rubber,  and  artificial  leather 
manufacturing,  dry  cleaning 

Extraction  6f  ojls,  fats,  and  a  wide  range 
of  other  materials,  manufacturer  of  < 
rayon,  rubber,  and  a  wide  range  of  < 
cements,  germicides," and  other  materials 

Treating  wood 

'  Petroleum  refiners,  machinists,  furniture 
polishers , 

Degreasers,  paint  removers  . 
^  Painters,  furniture  polishers,  lacquerers 


Eczema,  blisterlike  eruptions,  chronic 
abscesses 


J 


Soap  manufacturing,  dish-washers,  scrub- 
women, soda  fountain  clerks 


METHODS 
PURPOSl^ 

OBJECTIVES 


SPECIAL  TERMS 


INSTRUCTOR 
MATERIALS 


TRAINEE.,  k 
MATERLU^ 


UNIT  14 

PERSONAL  PROTECTIVE  EQUIPMENT. 


Lecture  and  Demonstration' 


XENGTH:  60  Minutes 


To  discuss  the  ways  that  personal  protective  equipment  can  reduce  injuries^and 
illnesses  in  the  industrial/vocational  education  shop.  ^  -  - 

To  introduce  participant  to:  ■  . 

1.  The  place^of^  personal  protective  equipment  in  the  total  hazard  control') 
program  ^  - 

2.  Facto:^  to  consider  in  selecting  personal  protective  equipment 

3.  ^  Problems  which-  hamper  the-effectiveness  of  personal  .protective  equipment 

4.  Devices  used  to  provide  head,  eye,  face,  hearing,  respiratory,  arm,  hand,  . 
body,  leg  and  foot  protection  ^ 

5.  Care  and  maintenance'  of  protective  devices.  » 


h  Suspension  System 

2.  Air*Purifying  Respirator 

3.  Supplied-^Air  Respirator 

4.  Self  •Contained  Breathing  Device 
5. ,  Toe  Box 


Lesson  Plan 

35  mm  Slides,  Projector  and  Screen 
Chalk  Board/Chalk  i 


Participant  Outlines  and  Supplemeiltary  Materials 


336  '  • 


PERSONAL  PROTECTIVE  EQUIPMENT 


In  Unit  3,  in  the  discussion  of  the  ways  hazards  are'  controlled  in 
the  industrial/vocational  education  shop,  we  learned  that  the 
last— but  sometimes  the  only—practical  way  to  teduce  illnesses  and 
injuries  is  to  use  personal  protective  equipment.  In  this  category 
areincluded.  helmets,  gloves,  goggles,  jrespirators,  special  footwear 
another  items  which  profecf.the  student  agajnst  such  hazards 
as  flying  particles,  noise,  dangerous  chemicals  and  electric  shock. 

The  shortcoming,  of  personal  'protective  equipment  is  *major: 
PPE  does  nothing  to  reduce  or  elimfnate  the  hazards.  For  this 
reason  such  devices  are  normally  considered  the  last  lin^  of  de- 
fense- PPE  does  not  take  the  place  of  such  engineering  controls 
as  substitution,  isolation  and  ventilation.  .  ^ 

Protective  equipment  also  creates  an  undue  feeling  of  security. 
Its  failure  means,  immediate  exposure  to  the  hazard.  Should  a 
protective  device  become  meffective  without  the  knowledge  of 
•  the  wearer,  he  is  placed  unwittingly  in  a  very  dangerous  situation. 

^When  a  decision  is  made  to  employ  prote,ctive  equipment,  those 
selecting  the '^equipment  shbuld  examine  carefully  six  criteria. 

1.  The  extent  of  the  hazard's  potential  to  cause  harm  must  be 
.evaluated.  1^'  is  important -^to -have  a  clear  under^taiidmg 
S>f  the  nature  of  the  hazard,  whe^e  it  originates,  what  harm 
it.^n  cause  and  the  likelihood  of  its  occurreroe.  For 
example,  if  a  respira^r  is  needed  to  protect  students  from 
dust,  the  size' of  the  dust  .particles  must  be.  determined. 
Without  such  a  determination,  a  respirator  could  be 


2. 


selected  which  may  ^not  perform  its  desired  function. 

The  degree  pf  desired  protection  is  in  direct  proportion  to 
the^riousness  of  the  hazard.  Two, dangers  are  present 
in  selecting  PPE:  the  danger  of  ."overkill*'  and  the  danger 
of  selec^g  equipment  which  offers  inadequate  protection.' 
For  example,  greater  face  protection  is  required  to  guard 


INTRODUCTION 


SELECTE^G  PERSONAL 
PROTECTIVE  EQUIPMENT 

Extent  of  Hazard  Must  be 
Determined 


Degree  of  Protection  is  ih 
Proportion  to  Seriousness 
of  Hazard  I 


1 


Personal  Protective  Equipment 


Interference  Must  be  Balanced 
Against  Protection 


Equipment  Shoxild  Carry 
•ANSI  Label 


Quality  Pays  for  Itself 


Cost  Should  be  Weighed 
Against  Service  Life 


against  chemical  splashes  than  is  necessary  for- protection 
against  the  impact  of  flying  objects.  To  offer  the  same 
device  tor  both  would  jnean  either  overprotection  or 
underprotectibn,  depending  on  which  alternative  is  se- 
lected. 

■  ,      •  '  <^  • 

Protection  must  be  considered  along  with  the  equipment's ' 
abUity  to  interfere  with  the  student's  performance  in -the 
shop.  Bulky  gloVes  may  decrease^  the  dexterity  required 
for  certain  tasks;  full  face  shields  may  be  cumbersome 
during  certain  operations.  Sometimes  those  ,  selecting  , 
protective  equipment  must  weigh- the  benefits  of  the  most 
desirable  alternative  against  the -most  practical  one  before' 
making  the  f  ipal  selection.        ; '  *  ' 

For  most  protective  equipment  (head,  eye,  face  and  foot  ^ 
protection,  electrical*  prdtective  devices);  a  lab^l  showing 
compliance  with  tlie  appropriate  American  JMational 
'Standards-InstitAke  (ANSI)  standard  will  be  affixed  to  the  ' 
•pfodufct.  In  the  case  of  respiratory  equipment,  the*  Nation- 
al Institute  for  Occupational  Safety  and 'Heal th,(NtoSHX 
and  the  Mine  Safety  and  Health  Administration  (MSHA) 
'have  their  laljel  attached  to  the  product.  There  are  some 
typies  of  protective  equipment— fpr  example,  gloves  and 
aprons— for  which  no  approvals  are  available. 

✓ 

Quality  is  an  important  factor  to  be  considered,  at  the 
time  of  purchasing  protectiv^^equipmjfnt.  Althqugh  many 
manufacturers  art  .selling  pquipnrtnt  .whicH  meets,  the 
AlSfSI  standards  NIOSH  and  lilSHA..approvals,  their 
products  are  riot  all  the  same  guality.  Given  the  con- 
straint of  cost,  eqdipmept  the  liighest  qualijby  should' 
bd  purchased  lot  use  in  the  industrial/yocational  e'StDcation 
•  shop.  A  product  of  high  quality  will  be  easier  to  main- 
tain an^ can  l5e  expected  to  have  a  longer  service  life  than 
less  expensive  equipment.  ^     ^    v  ' 

Last  but  not  least  the  cost  of  the  equipment."  Good 
protective  equipment  is  not  inexpensive.  JPhe  .highest 
quality  equipment  on  the  market  normally  costs  pro- 
portionally more  than  its  lower  quality  counterpart.  When 
a  decision  'must  be  made  ft)  determine  how.  nluch  wUl  be 
spent  on  protective  equipment,  it  is  important  to  deter- 
mine how  lohg  the  equipment  will  be  neecjed.  If  it  will  be 
used  only  for  a  short  perio^f  {ime  whUe  more  suitable 
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Personal  Protective  Equipment 


control  measures  are  being  installed,  less  ejJ^ensive  equip- 
ment may  serve  the  ,p*Urpose:  However,  if  the  protective 
equipment  is  intended  to  serve  its  purpose  indefinitely, 
thsn  strong  consideration  should  be  given  to  allocating 
,ample  funds  to'  acquire  the  highest  quality^  approved, 
products.         '  •  *  » 

.  When  the  foregoing  criteria  have  been  evalua^ifd,  the  job  gf  the 
*  purchaser  is  still  far  from  over.  Nqw  he  must  concern  himself  with 
SQlving  problems  which  interfere  with  the . effectiveness  of  PPE. 

When  more  than  one  variety  of  the  same  class  of  protective  de- 
vice is  employed  in  the  shop  (for  example,  more  than 'pne  brand 
'  of  respirator),  especially  if  each  type  has  slightly  different  require- 
ments for  use,  care  and.  maintenance,  it  ^comes  difficult  for 
instructors  and  supervisors  to  train  students  in  the  use  of  the 
equipn:!ent  and  to  provide  adequate' maintenance,  monitoring  and 
controlt  Ideally  one  brand  of  a  particular  class  of  protective  equip- 
ment should  be  used  throughout  tRe  school. 

If  protective  equipment  is'  to  continue  providing  prqte^ion,  it 
requires  care  and  maintenance.  A  program  of  studei^t^care  and 
^hooKmainteriance  must  be  d€^Veloped  and  must  be  in  operation 
at  the  time  when  the  equipment  is  distributed  for  use.  Cleaning 
and'nniinor  repairs  are  usually  done  in  the  shop  or  by  the  school's 
maintenance  organization.  More  complex  repairs  or  repairs  desig- 
nated to  be. done  by  the  manufacturer  should  not  be  made  by 
school  personnel.  In  such  instances  the  equipment  should  ha  re- 
tuhiod^o  the  manufacturer  his  designated  service  representa- 
tive. 

In\properly  fitted  protective  equipment  discourages  student  ac- 
ceptance and  in  some  cases  causes  a^  loss  of  protection.  For  in- 
stance, protective  e^.e  wear  which  does  not  fit  properly  may  end 
up  in  the  student's  pocket,  and  a  respirator  facepiece  which  dofes 
pot  seal  properly  on  a  student?s  face  will  allow  the  toxic  substance 
to  enter  the  facepiece  and  be  inhaled  by  the  student.  When  pur- 
^  chasing  protective  equipment,  consideration  should  be  given  to 
'  thft  need  for  proper  fit.  In  cases  where  a  student  or  instructor 
cannot  acquire  a  proper  fit  v/ith  conventional  equipment,  special 
fitting  devices  may  be  necessary.         ^       <  '        •  . 

Unless  tjie  persons  who  are  required  to  wear  the  equipment  are 
trained  and  educated  .in  its  necessity,  its  proper  use  and  its  care 
and  maintenance,  protective  equipment  will  do  little  to  fulfill 


PROBLEMS  INTERFERING 
WITH  EFFECTIVENESS 
OF  PPE 

Purchasing  More  than  One 
Type  of  Same  Class  ^ 


Insufficient  or  Improper 
Equipment  Maintenance 


Improper  Fit 


Insufficient  Training  and ' 
Education 
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HEAD  PROTECTION 


/ 


Caps  for  Long  Hair 


Bump  Caps 


rtelmets  (Hard  Hats) 


ERJC 


Its  intended  purpose.  Every  supervisor  and  instructor  needs  to'.' 
stress  use,  care  and  maintenance  as  an*  integral  part  of  over«ttl 
shop  operations.  .  > 

Head  protection  can  be  divided  into  three  categories: 

1.  caps  for  long  hair 

2.  bump  caps 

3.  helmets  or  safety  hats.  < 

r 

Protective  hair  covering  is  necessary  for  students  with  long  hair 
who  work  at  machines.  Besides  the  obvious  danger  of  hair  becom- 
ing entangled  in  moving  parts  when  the  student  bends  over,  there 
Ls  also  the  possibility  that  heavy*  charges  of  static  electricity  can 
lift  hair  into  moving  belts  or  rolls.  .     ^  . 

Protective  caps  should  cover  the  hair  completely'  Bandanas  ^d 
turbans  are  not  sufficient  and  pose  their  own  hazards  if  they 
become  loose.  Although  no  standards  have  been  accepted,  pro- 
tective fabric  caps  should  be  made  of  a  durably,  flame-proof 
fabric^  rugged  en9Ugh  to  ^thstand'  regular  laundering.  The  cap 
should  have  a  visor  l<5ng  enough  and  rigid  enough  to  provide  warn- 
ing before  the  head  itself  comes  into  contact  with  a  moving  object, 
such  as  the  spindle  on  a  drill  press. 

Bump  caps  are  thin-shelled,  lightweight  plastic  headgear.  They  are 
not  a  substitute-for  helmets  and  do  not  provide  the  kind  of  pro* 
tec^ion  needed  in  the  industrial/vocational  education  shop. 

Helmets,  also  called  safety  or  hard  hats,  are  the  best  means  for 
protecting  students  and  instructors  alike  against  impact  blows  and 
penetration  from  flying  and  falling  objects  and  fr6m '  limited 
electric  shock.  They  can  be  designed  to  pr6tect  the  scalp,  face  and 
neck  trom  overhead  spills,  can  keep  hair  from  entanglement  in 
machinery  and  can  shield'  the  scalp  from  exposure  to  kritating 
dusts. 

The  National  Safety  Council  estimates  that  approximately  140,000 
head  injuries  occur  in  a  given  year  (see  Figure  36).  These  injuries 
are  caused  by  workers  being  struck  by  or  a^'Mnst  objects  or  from 
falls.  Many  of  the  same  situations  responsible  for  causing  head 
injuries  in  industry  are  present  in  the  industrial/vocational  educa- 
tion shoi5.    ,  .  \ 
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Part  of  body  injured  in  Work  accidents 

"  CASES  '0 


COMPENSATION 


6X 

3X 

I6X 

9X 

I3X 

I3X 

3X 

I  X 

ex 

I5X 

SiifCt  Stitf  lakir  Ooarladli  I))}  WJ 
casts  ~  I)  Statis  hsMHaMi  —  )  Slates 

In  one  recent  year  disabliiur  work  injuries  in  the  entire 
nation  totalled  approxin^tei^  2,300,000.  Of  these,  about 
13,000  were  fatal  and'  80,000  resulted  in  some  permanent 
impairment 

Injuries  to  the  trunk  occurred  most  frequently,  with  thumb 
^and  finger  injuries  next,  according  to  State  Labor  Department 
reports. 

Eyes  ^.   140,000 

Head  (except  eyes)  . .  .V.  . .  . .    140,000 

Arnu  .   210;000  ' 

•    Trunk  <   610,000 

Hands   140,000 

Fingers  ;   370,000 

J^^s   300,000 

F«et   140,000 

Toes   70,000 

General   180,000 

.For  each  body  part  the  chart  on  the  left  shows  (on  top) 
the  percent  of  all  injuries,  (on  the  bottom)  the  percent  of  all 
compensation  paid. 

Adapted  and  reprinted  with  permission  frono  Accident  facts  1978 
(Chicago:  National  Safety  Council,  1978),  p.  26. 

.Figure  36 
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Classes  of  Hard  Hats 


Shell 


Suspension 


Chinstrap,  Nape  Strap 


Helmets  are  of  two  types,  either  full  irimhied  or  brimless  with 
peak.  A  brim  provides  the  most  complete  protection  for  head, 
face  and  back  of  neck.  The  cap  type  is  used  where  a  brim  may  be 
in  the  way. 

There  are  four  classes  of  hard  hats:  . 

-  1.  'Class  *A,  affording  limited  voltage  resistance,  for  general 
^  service 

.    2.  Class  B,  high  voltage  resistance 

.  *3.  Class  C,  no  voltage  protection  (metallic  helmets) 

4.  Class  D,  limited  voltage  protection,  fire  fighters'  service 
only^  " 

.  v.. 

All  helmets.mpst  meet  the  requirements  and|  specifications  in  the 
American  National  Standards  Institute  Z89.1,  Safety  Require- 
ments for  Industrial  Head  Protection-  Hehnets'are  identified  on 
the  inside  of  the  shell  with  the  ftianuf^cturer's  name,  and  ANSI 
designation  and  the  class.  *  / 

Helmets  (hard  hats)  are  designed  to  transmit  a  maximum  'average 
.force  of  not  more  than  850  pounds  (385  kilograms)  when  tested 
in  accoijdance  with  ANSI  Z89.1.  "Hard  hats  which  meet  ANSI 
standards  are  designed  with  two  major  components,  a  shell  and  a 
suspension: 

^  •    The«^e//  should  be  cf  one  piece,  seamless  construction 
and  designed  to  resist  impact. 

•    The  suspension  gives  the  hard  hat  its  impact-distributing 

*  abilities.  The  suspension  must  be  adjusted  to  fit  the 
wearer,  and  a  clearance  of  not  less  th^n  1-1/4"  (3.18  cm,) 

•  must  be  maintainecf  between  the  shell  and  the  skull  oT  the 
•wearer. 

♦ 

A  chinstrap  will  keep  a  hat  from  coming  off.  It  affords  full  pro- 
tection. A  naoe  strap,  provided  with  most  helmets,  helps  to  keep 
the  headgear^rcm  falling  off  during  normal  use.  Some  headgear 
comes  with  temovable  type  attachn^^nts  for  face  shields,  welding 
helmets  and  ao  forth. 
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1. 


To  care  for  and  maintain  helmets  effectively,  the  following  recom- 
mendations should  be  followed: 

'I 

Before  each  use,  hard  hats  should  be  inspected  for  cracks 
and  signs  of  impact.  Once  daihaged,  a  protectii^e^  helmet 
should  be  discarded.  Alteration^  of  any  kind  weaken  the 
performance  of  the  helmet. 

2.  Suspension  systems  should  be  inspected,  frequently  to 
detect  loose  or  torn  cradje  straps,  broken  sewing  lines, 
loose  rivets,. defective  lugs,  etc.  Once  found,  deteriorated 
systems  should  be  replaced. 


3. 


Chemicals,  oils  and  petroleum  products  must  tie  removed 
from  the  shdl  as  soon  as  possible.  These  agents  will  soften 
the  shell  materials  and  reduce  its  impact  and  dielectric 
protection.  The  manufacturer  shoulcJ'  be  consulted  as  to 
what  solvents  can  be  used  to  remove  such  chemicals 
'  wilhout  themselves  causing  damage.  If  a  hard  hat  needs 
pafnting,  the  manufacturer  should  be  consulted  so  that  a 
coating  can  be  selected  which  will  riot  harm  the  helmet. 

Hard  hats  must  be  scrubbed  and  disinfected  before  being 
reissued  to  otKers.  At  leask  every  thirty  days  the  hat, 
sweat  bands  and  cradles  should  be  washed  in  warm  soapy 
water  or  an  approved  detergent  solution  recommended  by 
the  manufacturer.  Tfiorough  rinsing  should  follow  wash- 
ing. 


5. 


While  in  storage,  hard  hats^shpuld  not  be  exposed  to 
obright  sunlight.  Heat  and  light  may  reduce  the  degree  of 
protection  that  they  provide. 


The  protection  of  eyes  from  damage  by  physical  and  chemical 
agents  lonfe  has  been  an  important  part  of  a  hazard  control  pro- 
gram. Some  140,000  disabling  mjuries  occur  annually,  injuries 
that  r^esult  in  total  or  partial  blindness. 

In  the  indusi^i^l/vocational  education  shop  the  eyes  are  exposed 
to  a  variety  of  hazards:  flying  objects,  splashes  of  corrosive  liquids 
or  molten  metals,  dust  and  harmful  radiation.  OSHA  requires  that 
eye  and  face  protection  be  designed  to  meet  the  performance 
requirements  se.t  forth,  in  ANSI  Z87.1,  Practice  for  Occupationar 
and  Educational  Eye  and  Face  Protection. 
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Care  of  Hard  Hats 
Inspect  Hard  Hats 


Inspect  Suspensions 


Remove  Agents  from  Shell 


Clean  Hard  Hats  Regularly 


EYE  PROTECTION 
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Selecting  '^.ye  Protective 
Equipment 


Protection  Against  Flying 
Particles 


Spectacles  with  Impact-  f 
Resistant  Lenses 


Flexible  and  Cushion-Fitting 
Goggles 

Chipping  Goggles 


Protection  Against  Fumes  and 
Liquids 


Before  selection  is  made,  consideration  must  be  given  to: 

•  the  extent  of  the  hazard  to  be  guarded  against 

the  ability  of  the  eye-protective  -maferials  to  afford  this 
protection 

•  the  typ^  of  eye  protection  devices  that  fit  the  work 
objective. 

Figure  37  illustrates  recommended  eye  and  face  protectors  for 
use  in  industry,  schools  and  colleges,  and  indicates  which  type  is 
recommended  for  particular  operations. 

Conditions' requiring  protectio:(i  from  flying  particles  caused  by 
chipping,  drilling,  grinding  and  so  forth  require  the  selection  of 
one  of  three  types  of  impact-protection  equipment. 

> 

1.  spectacles  with  impact-resistant  lenses 
-  2:-^flexible  or  cushion-fitting  goggles 
3.  chipping  gogglesT^ 


Spectacles  Without  side  shields  are  no^lrecQmmended  because  of 
the  limited  protection  they  provide.  Normally-  side  as  well  as 
frontal  protection  is  required.  Full-cup  side  shields  restrict  flying 
partiSJes  from  entering  the  wearer's  eyes  from  the  side.  Semi-  or, 
fold-flat  side  shields  may  be  used  where  only  lateral  protection  is 
required.  ' 

Both  flexible  and  cushion  goggles  usually  have  a  single  lens.  These 
goggles  give  both  frontal  and  side  protection  from  flying  particles. 

Chipping  goggles  ^ve  maximum  protection  from  flying  particles. 
They,  come  in  two  styles,  either  for  use  without  other  eyewear 
or  f6r  fitting  over  corrective  lenses.  Both  types  have  coutour- 
shaped  rigid  plastic  eyecups. 

Students  exposed  to  chemical  fumes  and  liquids  on  such  jobs  as 
handling  volatile  and  corrosive  chemicals,  dipping  in  plating  and 
pickling  tanks,  and' so  forth  require, chemical  splash  goggles  or  a 
face  shield  for  adequate  protection. 

Chemical  goggles  have  soft  vinyl  or  rubber  frames  and  lenses  made 
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Selection  Chart  for  Eye  and  F&ce  Protectors  for  Use  in  Industry,  Schools,  and  Colleges 
TTiis^clcction  Chart  offers  general  recomniendations  only.  Final  selection  of  eye  ar.d  face  protective  devices  is  the  re jpon ability  of 
nunagement  and  safety  specialists.  (l  or  laser  protection,  refer  to  American  National  Sundard  for  Safe  Use  of  Users,  ANSI  Z136.1. 


Styl*  A  Styles  Stylt  C 

^xa^ 


1  GOGGLES,  Flexible  Rtung  Regular  \  inflation 

2.  GOGGLES.  Flexible  Fmmg,  Hooded  Ventilation 

3  GOGGLES,  Cushioned  Fiiung.  Rigid  Body 

•4  SPECTACLES,  without  Sideshjelds 

5  SPECTACLRS.  Eyecup  Type  Sjdeshields 

6  SPECTACLES,  Senfu./Flai-Fold  Sideshields 
•7  WELDING  GOGGLES.  Eyecup  Type.  Tinted 

Lenses  {illustrated) 


7A.  CHIPPING  GOGGLES.  Eyecup  Type.  Clear  Safety  Lenses 
(Not  Illustrated) 

•8.    WELDING  GOGGLES.  Coverspec  Type.  Timed  Lenses  (lllusiraied) 
8A.  CHIPPING  GOGGLES.  Coverspec  Type.  Clear  Safety  Lenses 
(Not  Illustrated) 

•9.    WELDING  GOGGLES.  Coverspec  Type.  Tinted  Plate  Lens 

10.  FACE  SHIELD.  Plastic  or  Mesh  Window  (see  caution  note) 

11.  WELDING  HELMET 


•Non  stdeshield  spectacles  are  available  for  limited  hazard  use  requiring  only  frontal  protection 
••See  Table  A1.  "Selection  of  Shade  Numbers  for  Welding  Filters."  m  Sea.on  A2  of  the  Appendix. 


APPLICATIONS 

PPERAJION 

HAZARDS 

c 

PROTECTORS 

ACETYLENE-BURNING 
ACETYLENE-CUTTING 
ACETYLENE-WELDING 

SPARKS,  HARMFUL  RAYS. 
MOLTEN  METAL 
^    FLYING  PARTICLES 

7.8.9 

CHEMICAL  HANDLING 

SPLASH.  ACID  BURNS,  FUMES 

2  (For  severe  exposure  add  10) 

CHIPPING 

flying"  PARTICLES 

1.3.  4.  5.  6.7 A.  8A 

E>.ECTRIC  (ARC)  WELDING 

sparks.  intense  rays, 
Molten  metal 

1 1  (In  combination  with  4.  5.  6.  in  tinted  lenses,  advisable) 

FURNACE  OPERATIONS 

GLARE,  HEAT,  MOLTEN  METAL 

7.  8.  9  (For  severe  exposure  add  10)  ^ 

GRINDING-LIGHT 

FLYIfte  PARTICLES  - 

1.  3.  5.  6  (For  severe  exposure  add  10) 

GRINDIfiG-HEAVY  j 

FLYING  PARTICLES 

1  _ — .  i  ^ 

1.  3.  7A.  8A  (For  severe  exposure  add  10)  | 

LABORATORY 

\ 

CHEMICAL  SPLASH. 
GLAS^REAKAGE 

2  (10  when  in  combination  with  5.  6) 

MACHINING  \ 

FLYING  PARTICLES 

1.  3.  5.  6  (For  severe  exposure  add  10) 

"  MOLTEN  METALS  V 

HEAT.  GLARE.  SPARKS,  SPLASH 

7.  8  (10  in  combination  with  5.  6.  in  tinted  lenses) 

SPOT  WELDING  \ 

FLYING  PARTICLES.  SPARKS 

1.  3.  4.  5.  6  (Tifitg^lenses  advisable,  for  severe  exposure  add  10) 
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♦  Face  shields  alone  do  not  provide  adequate  protection.  '  ( 

♦  Plastic  lenses  are  advised  for  protection  against  molten  metal  splash. 

♦  Contaci  {enses,  of  themselves,  do  not  provide  eye  protection  in  the  industrial  sense  and  shall  not  be  worn  in  a  hazardous  environ- 
menl  uithout  appropriate  covering  safety  eyewear. 

"  Figure  37 

This  '^""^^ P'od^^^^  vMih  permission  from  American  National  Standard  Practice  for  Occupatior>a  and  Educational  Eye  and  Face  Protpc 


Personal  Protective  Equipment 


Protection  Against  Hot 
Splashing  Metals 


Protection  Against  Light  Rays 


Requurements  for  Eye 
Protectors 


of  heat-treated  glass  or  acid-resistance  plastic.  For  Exposures 
involving  chemical  splasHes,  the  goggles  are  equipped  with  baffled 
ventilators  on  the  side. 

Where  students  may  come  into  contact  with  hot  splashing  metals 
(in  casting,  tinning,  pouring  lead  joints  and  so  forth),  cup  goggles 
with  impact-resistant  lenses,  metal  c?creen  face  shields  or  heavy"" 
plastic  shields  \^^ith.^  impact-resistant  spectacles  beneath  are  re- 
quired. 

Injurious  rays  are  encountered  in  torch  brazing,  gas  welding  and 

cutting,  arc  welding  and  so  forth.  Eye  protection  for  welding 

operations  should  be  chosen  carefully  to  cope  with  the  particular 

hazard  as  well  as  chemical  and  physical  agents. 

.  «  * 

To  exclude  injurious  flashes,  hot  metal  and  sparks  and  to  save  the 

welding  lenses  from  pitting,  the  student  who  is  flame  welding, 

brazing  or  cutting  should  wear  goggles  with  impact-resistant  filter 

lenses.  The  goggles  may  have  clear  or  colored  glass  depending  upon 

the  amount  of  exposure  from  adjacent  welding  operations. 

a 

According  to  federal  statute,  goggles  or  ^ther  suitable  eye  protec- 
tion must  be  used  during  all  gas  welding  or  oxygen  cutting  opera- 
tions. Spectacles  with  suitable  filter  lenses  are  permitted  during 
gas  welding  operations  on  light  work,  for  .torch  brazing  or  for. 
inspection. 

For  electric  arc  welding  involving  exposure  to  ultraviolet  rays,  it 
is  important  that  the  filter  lenses  protect  the^student  from  the 
ultraviolet  rays  as  well  as  from, the  glare.  Table  18  illustrates  the 
proper  shade  number  for  eye 'protection  in  various  welding  oper- 
ations.   .  o 

Protectors  must  meet  the  following  minimum  requirements  man- 
dated in  OSHA  Safety  and  Health  Standards  (29  CFR  1910.133): 

1.  They  must  provide  adequate  "^protection  against  the  par- 
ticular hoards  for  which  they  are  designed. 
•  \^ 

'2.  They  must  be  reasonably  comfortable  when  worn  under 
the  designated  conditions. ' 


^3. 

\ 


They  must  fit  snugly  and  must  not  interfere  unduly  with 
the  movements  of  the  wearer.  Instructors  should  be 
trained  in  the  fitting  of  goggles  to  assure  proper  fit. 
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TABLE  18. 


FILTER  LENS  SHADE  NUMBER  FOR  EYE  PROTECTION 


Welding  Operation 


Shade  Number 


Shielded  metal  arc  welding  1/16-,  3/32-,  5/32;inch  diameter  elctrodes   '-10 

Gas-shielded  arc  welding  (nonferrous)  1  /1 6-,  3/32-,  1 /8-,  5/3?  inch  diameter  electrodes  1 1 

Gas-shielded  arc  welding  (ferrous)  1/16-,  3/32-,  1/8-,  5/32-inch  diameter  electrodes   ...  12 

Shieldedmetal-arcweldmg3/16-,  7/32-,  1/4-inch  electrodes  '   ^12 

5/16-,  3/8-inch  diameter  electrodes  

Atmoic  hydrogen  welding  •  .  10  14 

Carbon-arc  wefding  ■  ^ 

Soldering  


.14 


.3  or  4 


Torch  brazing  

Light  cutting,  up  to  1  inch   ^  a 

 o  or  4 

Medium  cutting,  1  inch  to  6  inches  

Heavy  cutting,  over  6  inches  


4  or  5 

5  or  6 


Gas  welding  (llghty,  ij^  to  1/8-Inch   ^  g 

Gas  welding  (medium),  1/8  inche  to  1/2  inch  ;  '  _    •  ' 

Gas  welding  (heavy),  over  1/2-inch  .   , 


5  or  6 

6  or  8" 


No^mtS  1978.  ^^^^^  —  —  ^^^"^^^^^  <29  CFR  1910.252e).  U.S.  Department  of  Ubor. 


4.  They  must  be  durable. 

5.  They  must  be  capable  of  being  disinfected.  However,  it 
is  important  that  sterilizing^  solutio.:s  be  removed  so  that 
skin  irritation  will  not  result.  ' 

6.  They  roust  be  easily  cleaned. 

Under  conditions  where  goggles  are  apt  to  fog  up,  care  must  be 
given  to  the  selection  of  eye  wear  with  ventilation.  In  extreme 
cases,  antifog  compounds  should  be  used  inside  lenses. 
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Corrective  Lenses 


Contact  Lenses 


FACE  PROTECTION 


Clear  Plastic  Face  Shields 


Face  Shields  with  Metal 
Screens 

Babbitting  Helmets 


According  to  OSHA  regulations,  students  wearing  corrective 
lenses  must  wear  one  of  the  following: 

1.  spectacles  with  protective  lenses  which  provide  optical, 
correction  ^ 

2.  goggles  that  can  be  worn  over  corrective  spectacles  with- 
out disturbing  the  adjustment  of  the  spectacles 

3.  goggles  which  incorporate  corrective  lenses  mounted  be- 
hind the  protective  lenses. 

Prescription  eyeglasses  or  contact  lenses  worn  in  eye  hazard  areas 
require  approved  eye  protection.  * 

Both  the  National  Society  for  the  Prevention  of  Blindness  a^d  the' 
American  Optometric*Association  advise  the  use  of  contact  lenses 
in  industry  only  in  conjunction  with  proper  safety  shields,  goggles 
or  other  protection.  Two  special  precautions  apply  to  wearers  of 
cor^tact  lenses: 

1.  If  caustic,  chemical  or  other  solutions  are  accidentally 
splashed  in  the  eye,  the  cornea  may  be  burned.  In  the 

^     •  event  of  such  an  accident,  first  flush  out  the,  eye,  then 
remove  the  lens,' then  flush  the  eye  again.    '    .  -  , 

2.  If  a  foreign  body  (dust,  for  example)  gets  under  a  contact 
lens,  if  may  scratch  the  cornea.  ..Jn  »the  event  of  such' an 
accident,  remove  the  lens  immediately.  It-  may  be  neces^ 
sary  to  consult  a  physician  to  make^ure  the  foreign  body 
is  no  longerjaresent.  ^ 

Several  types  of  PPE  shield  the  face  (and  sometimes  the  head  and 
neck  as  well)  from  flying  particles,  chemical  or  hot  metal  splashes 
and  heat  radiation.  These  include: 

1.  face  shields  of  clear  plastic,  to  protect  the  eyes  and  face  of 
a  person  who  is  sawing  or  buffing  metal,  sanding  or  light 
grinding  dr  handling  chomic^k 

•  2.  face  shields  with  metal  screens;  to  deflect  heat,  from  a 
person  working  near  furnaces 

3.  babbitting  helmets  consisting  of 

a.   a  window  made  of  extremely  fine  wire  screen 
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b.  a  tilting  support 

<,  »  • 

c.  an  adiustable  headgear  * 

d.  a  crown  protector^d  used  to  protect  the*  herd  and 
face'against  splashes  of  hot  metal: 

'J 

4.  weldufg  hehnets,  shields  and  goggles,  to  protect  the  eyes 
ancWace  against  both  the  splashes  of  molten  metal  and  the 
radiation  produced  by  arc  welding 

5.  acid-proof  hoods,  with  a  window  of  glass  or  plastic,  to 
protect  the  head,  face  and  neck  of  persons  expose^^  to 

^possible  splashes  from  corrosive  chemicals 

6.  air-supplied  hoods,  for  work  around  toxic  fumes,  dusts, 
gases  or  mists.  These  will  be  discussed  when  we  examine 
respiratory  protection  devices. 

As  a  general  rule,  face  shields  should  be  worn  over  suitable  eye 
protection.  '         ^  rf^,;..^ 

The  need  for  personal  hearing  protection  arises  when  source  con- 
trol and/or  path  control  are  not  present,  when  source  and/or  path 
control  do  not  lower  noises  to  safe  levgls  or  when  a  person  in  the 
industrial/vocational  education  shop  cannot  avoid  direct  exposure 
to  noisy  'equipment  and  tools.  There  are  three  basic  types  of 
personal  hearing  protection  devices. 


1.  Disposable  pliable  material,  such  as  finfe  glass  wool,  mineral 
fibers  and  wax-unpregnated  cotton,  may  be  inserted  in  the 
ear.  It  must  be  fresh  each  day.  •  . 

2.  Ear  plugs  may  be  inserted  into  the  ear.  They  must  be 
individually  fitted  to  the  wearer. 

3.  Cup-type  protectors-like  ear  muffs-may  be^  worn  with 
the  band  over  the  head  or  around  the  back  of  the  neck  or 
may  be  incorporated  into  safety  helmets.' 

To  a  great  extent,  selection  of  a  protective  device  is  governed  by 
individual  preference.  Factors  to  consider  are  effectiveness,  com- 
fort (which  is  often  a  problem)  and  cost. 

While  cottorjj  alone  is  a  poor  choice,  when  paraffin  wax  is  mixed 
intQ_the-Cotton_the-material-becomes  muph-more-efficient.  Glass 


Welding  Helmets,  Shields 
and  Goggles 


Acid-Troof  Hbods 


Air-Supplied  Hoods 


HEARING  PROTECTION 
.EQUIPMENT  , 


Pliable  Insert  Material 


Ear  Pliigs 


Cup-Type  Protectors 


Selecting  Hearing  Protective 
Devices 
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wn,  also  called  ''Swedish  wool/*  is  another  pliable  material. 
Rubber  and  plastic  types  are  popuFar  because  they  are  inexpensive, 
easy  to  clean  and.^ve  good  performance.  Wax  tends  to  l6se  its 
effectiveness  because  jaw  movement  (talking,  chewing  or  yawning) 
changes  the  shape  of  the  ear  tanal;  this  breaks  the  acoustic  seal 
between  ear  and  insert. 

Ear  plugs  Specially  molded  to  the  individual's  ear  canal  off^r 
excellent  protection,  generally  reducing  the  noise*  reaching  the 
ear  by  25  to  30  decibels.  However,  they  must  be  fitted  by  a 
trained,  qualified  person,  and  they  should  become  the  property  of 
the  individual  for  whom  they  are>.mclded* 

Neither  of  these  types  "should  cause  skin  urritation  or  injured  ear 
drums  if  they  are  pr&perly  designed,  well  fitted  and  hygienically 
maintained: 

Cup'  or  muff-type  devices  cover  the  external  ear  to  provide  an 
^acoustic  barrier.  They  can  reduce  noise  an  additional  ten  to  fifteen 
'  decibels.  .Their  effectiveness  if  influenced  by  size,  shape,  seal 
material,  shell  mass  and  type  of  suspension,  as  well  as  by  individ- 
ual head  size  and  shape.  Glasses  or  long  hair  can  break  the  seal 
over  the  ear. 

#  * 

Combinations  of  ear  plugs  and  ear  muffs  give  three  to  five  more 
decibels  of  protection. 

Cup-type  protectors  cost  more  than  other  devices.- HoweVer, 'this 
is  a  one-time  cost;  over  a  period  of  time,  the  cost' of  pliable  insert 
n^aterial  will  exceed  the  cost  of  the^jup-type  protector. 

Under  dus^y  or  dirty  working  conditions,  cup-type  protectors  may 
be  more  hygienic  than  devices  inserted  in  the  ear.  Under  hot 
working  conditions,  pliable  insert  material  or  ear  plugs  may  be 
more  comfortable  than  cup-type  deViCes. 

It  is  imperative  that  anyone  expojed  to  potenti^y  dangerous 
noise  levels  have  some  kind  of:  hearing  protection. 

During  our  discussion  of  health  hazards  in  the  previous  unit,  we 
examined  the  three  modes  of  entry  for  hazardous  materials:, 
ingestion,  skb  absorption  and  inhalation.  We  saw  that  the  human 
respiratory  system  presents. the  quickest  and  most. direct  avenue 
of  entry  because  it  is  intitnately  and  inextricably  connected -with 
the  circulatory  system  and  the  need  to  oxygenate  tissue  cells  to 
sustain  life  processes. 
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The  Occupational  Safety  and  Health  Administration  (OSHA)  and 
states  working  under  an  approved  OSHA  State  Plan  have  estab- 
lished permissible  exposure  limits  (PELs)  for  many,  airborne 
toxic  materials.  OSHA  Standards  (29  CFR  1910.134)  state: 

In  the  control  o(  those  occupational  diseases  caused  by 
breathing  air  contaminated  with  harmful  dusts,  fogs, 
fumes,  misjs,  gases,  smokes,  sprays,  or  vap^orsj-the* 
primary  objective  shall  be  to  prevent^'atmospheric  , 
contamination..  This  shall  bfe  accomplished  as  far  ^ 
feasible  by  accepted  engineering  control  measures 
(for  example,  enclosure  or  confinement  of  the  opera- 
tion, general  and  local  Ventilation,  and  substitution  of 
less  toxic  materials).  When. effective  engineering  con- 
trols are  not-  feasible,  or  while  they  are  being  insti- 
tuted, appropriate  respirators  shall  be  used. 

i 

Respiratory  protection  is. also  required  on  several  special  occa- 
sions: ^ 

'  .    '1.  in  oxygen-deficient  atmospheres  where  the  oxygen  content 
in  the  breathable  air  is  insufficient 

2.  for  routine  but  infrequent  operations 

3.  for  non-routine  operations  in  which  persons  are  exposed 
briefly  to  high  concentrations  of  a  hazardous  substance 
during  maintenance,  repair  or  emergency  conditions. 

Those  conducting  a  health  hazard  assessment  will  concentrate  on 
locating  four  major  categories pf  respiratory  hazards: 

1.  oxygen-deficient  atmospheres 

2.  gas  and  vapor  contaminants 

3.  particulate  contamfnants  (including  dust,  fog,  fume,  mist, . 
smoke  and  spray)  \ 

;   4.  combinations  of  gas,  vapor  and  particulate  contaminants. 

It  is  important  to  determine  what  type  or  types  of  contaminants 
exist  in  the  industrial/vocational  education  shop  in  order  to  select 
intelligently  the  most  effective  respiratory  equipment.  Because  . 
each  respirator  is  designed  to  provide  protection  for  a  certain 


When  Respirators  are  Needed 


Identifying  and  Evaluating  • 
Hazards 
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>  ■ 

contaminant  or  grpup  of  contaminants,  an.arbitrary  choice  on  the 
part  of  school  administrators  could  place  their  personnel  and 
students  in  a  4^ngerous  situation; 

V 

Before  a  respirator  is  selected,  the  following  question^^ould  be 
asked:  •  ,  • 

1.  What  is  the  estimated' contaminant  concentration  where 
the  respirator-will  be  used?  * 

r 

2.  What  b  the  permissijble^  exposure  limit  -(PEL)  to  the  con- 
taminant? 

3.  Is  the  contaminant  a  gas,  vapor,  mist,  dust  or  funie? 

*  t      •  , 

'  4.  Could  the  contaminant-  concentration  be  termed  immedi- 
ately hazardous  to  life  or  health? 

5.  If  ^the  contaminant  is  flammable,  does  the  estimated  con- 
.  centration^pproach  the  lower  explosive  limit?  . 

0 

6.  Does  the  contaminant  hpve  adequate  warning  properties? 

7.  Wiil  the  contaminant  irritate  the  eyes  at  the  estimated 
concentration?  ^ 

8.  If  the  contaminant  is  a  gas  or  yapor.  is  there  an  avaUable 
^otbent  that  traps  it  efficiently?\  • 

•  ■  •  r 

91  Can  the  contaminant  be  absorbed  through  the  skin  as.  a 
vapor  or  liguid?  If  so,  will  it  cause  seriousjnjury?! 

The  person  givfen  the  responsibility  for  selecting  respirators  for  the 
-i2?dustrial/vocational  e(iucation  shop  wiljl  be  guided  by  ^SI 
Z88.2,  American  'National  Standard  Practices  for  Respiratory 
Protection.  Of  particular  importance  is  the  MSHA/NIOSH  ap- 
proval on  the  respirator  (see  Figure  38). 

Selection  siiould  be  based  on:^ 

» 1.  the  nature  of  the  hazardous  process  or  operation 

'  2.  the  type  of  respiratory  hazard 
 a^^  pihysicsJand chemi(^al  properties 
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b.  warning  I)roperties  ^ 

c.  physiological  and  psychological  effeccs  on  the  body 

d.  concentration  of  the  material 


PERMISSIBLE 

fiESPIRATOR 

.  FOR  , 

mn,  FUMES,  MISTS,  AND  RADON  DAUGHTERS 


NIOSH 


MINISC  ENFORCEMENT  ANTO  SAFETY  ADMINlSTR-*TIOS 
NATIONAL  INSTITUTE  FOR  OCCUPATION'-* 
SAFtTY  AN'D  HF^LTH 


APPROVAL- NO. 


21C-li4 


ISSUED  TO 


^(Name  and  Address  of  Manuf<iCturer  goes  here) 


Tht  opprov«d  ossemb7)r  consists  of  ti-.;  following  porls' 
86442  focepiecf  4S9321  fitter  cortndges 

4S9029  receptocles  4S903S  qoiktn 

r  LIMITATIONS 

Approved  for  respirotor)r  protection  ogoinst  dMSts,  fumes,  ond  mists 
hcving  o  Threshold  Limit  Volue  (TLV)  not  \sri\  jhon  O.OS  milligron?  per 
cubic  meter  or  2  milliort  porticl^s  per  cubic  fo  it.  rodoc  dovghters  pttoched 
to  dusts,  fume"?,  ond  mists  described  obove,  j'ld  osWestoS'Contoining  dusts 
ond  fTilsts.  / 

Not  for  use  in  otmospheres  contoining  less  thon  19  5  percent  oi)rgen  or 
in  otmospheres  contoinrng  toiiC  goses  or  vopors. 

CAUTION 

In  moking  renewofs  or  repoirS,  ports  idenlicol  with  those  furnished  b^ 
the  monufocturer  under  the  pertinenj  opprovol  shoH  be  moirtoirved. 

Follow  the  monufocturer  s  instructions  for  fitting  the  'espirotor  to  the 
foce,  for  chon9ing  filters,  for  cleoning  the  respirotor.  and  for  conn;  for  it 
►hile  not  in  use. 


Shown  here  is  the  typical  approval  label  which  appears  on  a 
MESA/NIOSH  approved  respiiatory 'protection  device.  The 
user  should  make  certain  that  he  understands  the  limitations 
of  the  device.  MESA  is  now  called  MSHA,  the  Mine  Safety 
and  Health  Administration. 

Reprinted  with  permission  of  Mine  Safety  Appliances 
Company. 
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Classes  of  Respirators 


FITTING  THE  RESPIRATOR 
TO  THE  WEARER 


Facial  Hair 


3.  the  period  of  time  for  which  respiratory  protection  must 
be  provided  -  • 

4.  the  location  of  the  hazard  area  in  relation  to  the  nearest 
source  of  uncontaminated  respirable  air 

5.  the  function  and  physical  characteristics  of  respiratory 
protective  devices.^  ^ 

Table  19  outlines  a  procedure  for  selecting  respiratory  protective 
devices. 

The  three  major  elates  of  respirators  are:^ 

1.  air-purifying  respirators 

2.  supplied-air  respirators 

3.  selfridontained  breathing  devices. 

The ^agprendix  to  this  unit  examines  the  characteristics,  advantages, 
limitation's  and  subcategories  of  each  of  these  classes.  It  also 
details  the  procedures  for  cleaning,  disinfecting,  storing  and^ 
inspecting  respirator's.        *  [ 

It  is  essential  that  respiratory  protective  equipment  be  properly 
fitted  to  the  user.  All  the  care  that  went  into  the  design  and  manu- 
•facture  of  a  respirator  to  maximize  protection  will  be  lost  if  there 
is  an  impiroper  match  between  facepiece  and  wearer.  Fitting  tests 
should,  be  repeated  at  appropriate  intervals,  particulariy  when 
there  is  a  change  in  the  wearer^s  physical  st?te,  such  as  growth  of 
facial  tiair  ot  change  in  face  contours.  •  / 

Facial  hair  lymg  between  the  sealing  surface  of  a  respirator  face-* 
piece  and  the  wearer^s  skin  will  prevent  satisfactory  seallng.-The 
sealing  problem  is  especially  critical  when  non-powered  air- 
purifying  respirators  Pie  used.  The  negative  pressure  developed  in 
the  facepiece  of  these  respirators  during  Inhalation  can  lead  to 
leakage  of  contaminant  into'  the  facepiece  wlien  there  is  a  poor 
seal.  Some  supplied-air  respirators  of  the  air  line  type,  because  of 
their  mode  of  operation,  also  can  lead  to  leakage  at  the  sealing 
surface.  Therefore,  individuals  who  have  stubble  (even  a  few  day^s 
growth),  a  moustache,  sideburns  or  a  beard  that  passes  between 
the  skin  knd  the  sealing  surface  should  not  wear  a  respirator. 
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Table  19 


to 


OXTOfN 
Mf  ICWNCV  - 


# 

\ 

-.4        '  ■ 

f 

VfAKATUS 

113}  (F) 

COMtlHATlON 
Atn  LINE  AND 
AUXSCtA 

IMMC0IATI1.Y 
OANCCROUS 

TO  vn 


SClf-OONTAMCO 
AffAIUTUS* 


« 

1 

GASMASK 

Atn  UHl 

(14)  Hi 

AMOSCtA 

£SCAKONLY 

IMMCOIATILY 
DANGEROUS 
TOUFE 


± 


KKI  f  «ESS 
KU  COHTAINtr* 
A^AIIATUS 
(13)  (F| 


WITIVE  rRESSUBtv^ . 
AIRUNEAND 
SCir-CONTAINCD 
AffARATUS 


AIR  LINE 
RESPIRATOR* 

(13)  (J) 


•  NOT 
IMMEDIATELY 
DANGEROUS 
TO  LIFE 


TOXIC 
CONTAMtNAMT 

0A» 
Af 

fA^TlC 

£0M 
■ULATC 

«  t 

/ 


KOSE  MASK 
WITHOUT 
•LOWER 
(18)  U) 


CHEMICAL 
CARTRtOCE 
REfflRATDR' 
173)  (U  ' 


GASMASK  WITH 
SPECIAL  FILTER 
(14X1) 
ESCAPE  ONLY 


AIR  LINE 
RESPIRATOR 
(19)  U) 


OUST.MtST 
OR  FUME 
RESPIRATOR 
(2U(K) 


PAKTtCULATC 


AIR  UNE 
RESPIRATOR 

(19)  U) 


KOT 
IM;^OIATCLY 
DANGEROUS 
TO  LIFE 


HOSE  MASK 

•  WITHOUT 

SLOWER 

* 

(19)  U) 

AIRASIVE 
■  LASTING 
RESPIRATOR 
(!9)  U) 


—  CHEMICAL 
CARTRIDGE  RESPIRATOR 
WITH  SPECIAL  FILTER 
(23)  (LM)* 


I 
I 

2? 

Q 


f 

I 
1 
I 


BMd  on^BuTMu  ck  filntt  mformation  Circular  77©2.  NumbM  In  parentheMi  refer  to  Bureau  ot  Mines  Schedulee*  let- 
tere  In  pafentheeee  refer  to  Sut>part  of  NtOSH/MESA  30  CFR  Part  1 1.  ^  * 

X  Reprinted  with  permission  from  Fundamentals  of  Industrial  Hygiene, 
2nd  ed.  (Chicago,  National  Safety  Council,  1979),  p.  715. 
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Corrective  Lenses 
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Contact  Lenses 


Miscellaneous  Sealing 
Problems 


TRAINING  AND 
EDUCATION  IN  THE 
RESPIRATOR  PROGRAM 


Corrective  lenses  that  have  temple  bars  v  r  straps  should  not  be 
used  when  a  full-facepiece  respirator  is  worn  since  the  bars  or 
straps  could  pass  through  the  facepiece-to-face  seal.  Manufacturers 
of  respiratory  equipment  can  provide  kits  for  installing  eyeglasses 
in  their  respiratory  facepieces.  These  glasses  or  lenses  must  be 
mounted  by  a  qualified  individual  to  ensure  proper  fit. 

According  to  OSHA  regulations  (29  CFR  1910.134),  the  "wearing 
of  contact  lenses  in  contaminated  atmospheres  vnth  a  respirator 
shall  not  be  allowed."  A  properly  fitted  respirator  (primarily  a 
full-facepiece  respirator)  may  stretch  the  skin  around  che  eyes, 
thus  increasing  the  possibility  that  the  contact  lens  will  fait  out. 
Furthermore,  contaminants  that  do  penetrate  the  respirator  may 
go  underneath  the  contact  lens  and  cause  severe  discomfort.  The 
user's  first  reaction— to  remove  the  facepiece  to  remedy  the 
situation-could  be  fatal  in  a  lethal  environment^ 

Scars,  hollow  temples,  very  prominent  cheekbones,  deep  skin 
creases  and  lack  of  teeth  or  dentures  may  cause  respiratory  face-, 
piece  sealing  problems.  Dentur(?s  or  missing  teeth  may  cause  prob- 
lems when  sealing  a  mouthpiece  in  a  person's  mouth.  Full  den- 
tures should  be  retained  when  jvearing  a  respirator,  but  partial 
dentures  may  or  may  not  have  to  be  removed,  depending  upon  the 
possibility  of  swallowing  them.  With  full  lower  dentures,j^oblems 
in  fitting  quarter-masks  can  be  expected,  as  the  lower  pm  of  the 
mask  tends  to  unseat  the  denture. 

Selecting  the  respirator  appropriate  to  a  given  hazard  is  important, 
but  equally  important  is  its  proper  use.  To  ensure  proper  use  and 
maintenance  of  respirators,  a  training  program  is  needed  for 
supervisors  and  students  alike. 

The  content  of  the  training  program  can  vary  widely,  depending 
upon  circumstances.  However,  OSHA  1910.134  requires  that 
training  programs  for  both  users  and  supervisors  include  the 
following,  regardless  of  circumstances: 

•  an  opportunity  to  handle  the  respirator 

•  proper  fitting 

•  test  of  facepiece-to-face-seal 

•  a  long  familiarizing  period  of  wear  in  normal  aii-. 
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Furthermore,  OSHA  requires  that  the  wearer  receive  fitting 
instructions,  including  demonstrations  and  practice  in  wearing, 
adjusting  and  determining  the  fit  of  the  respirator.  These  require- 
ments originated  in  ANSI  Z88.2. 

Training  of  instructors  and  students  also  should  include: 

•  disdussion  of  the  engineering  and  administrative  controls 
in  use  and  the  need  for  respirators 

•  explanation  of  the  nature  of  the  respiratory  hazard  and 
the  consequences  of  improper  use 

•  explanation  of  respirator  selection  criteria 

•  discussion  of  how  to  recognize  and  handle  emergencies. 

Statistics  indicate  that  mjuries  to  the  arms,  hands  and  fingers 
account  for  more  than  a  quarter  of  all  disabling  industrial  mishaps. 
The  hazards  in  the  industrial/vocational  education  shop  are  similar 
t6  those  encountered  in  industry:  molten  metal,  heat,"  sharp 
objects,  chemical  and  corrosives,  etc. 

Most  of  the  more  than  720,000  hand  injuries  which  occur  each 
year  are  the  result  of  accidents  suffered  when  operating  ma- 
chinery, using  tools  or  handling  materials.  Personal  protective 
'  equipment  can  do  little  to  prevent  accidents  in  the  first  of  these 
^areas.  If  protective  gloves  were  worn  to  shield  the  hands  from  cuts 
and  slivers  when  operating  drills,  lathes  and  other  machine  tools, 
the  gloves  themselves  would  become  a  hazard.  They  could  snag  in 
the  revolving  parts  and  pull  the  hand  into  the  machinery.  Other 
means  must  be  found  for  protecting  the  hands  of  machine  opera- 
tors; guarding  devices  and  safe,  correct  work  procedures  are  the 
best  lines  of  defense. 

Gloves,  mitts  and  hand  pads  supplement  good  work  practices  to 
prevent  hand  injuries  during  the  handling  of  materials  and  the 
using  of  tools.  There  is  a  glove  suitable  for  protection  against 
many  hazards  that  can  be  named:  abrasions,  cuts,  slivers,  pinch 
points,  oils,  chemicals,  radiation?  electricity,  cold,  heat  and  flames. 
Table  20  offers  a,convenient  summary. 

Especially  suitable  to  the  industrial/vocational  education  shop  are: 

1,  rmial  mesh  gloves,  to  protect  against  cuts  and  blows  from 
sharp  or  rough  objects  and  tools 


ARM  AND  HAND 
PROTECTION 


Relationship  of  Hand 
Protection  to  Hazard  Control 


Types  of  Materials 
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Table  ^{ 


TYfC  Of  KAZAftO 


C2 


KNIT  COnON 

(Wf ivt  tonfth  or  C*uAtM) 

/ 

UaTMCR  CCOVC V  HAffO  MOS 

/ 

/ 

/ 

ASttSTOS  OR  AlUMINl2eO 
CLOveS^  MlTTtNS,  ^AOS 

/ 

/ 

VAftlOi;$rtASTlCS 

/ 

/ 

/ 

»^ 

»^ 

ftUflCn- NATURAL  OR 
SYNTMCTlC  lJofrR«t9(l} 

/ 

/ 

OlS^OSAAie  f  LASTtC 
(Joo  RatM) 

/ 

>^ 

rLASTtCCOAieO  CLASS  finCR 
COMStKATION 

/ 

f 

y 

eLCCTRtCAL  LtNCMAM^  CLOVC 
(MwtttMwofomll) 

lCatmerwitmrcinforcco 
mctal ^alm 

V 

/ 

lAAIL  OR  WOVCN  MCTAL  CLOVES 

/ 

CUFf.FOREARMGUAROS 

(f  itMf.  MWUl.  fnMl^  «tc  1 

/ 

/ 

/ 

/ 

THUMt  CUAROS^  FINCCR  COTS. 
PROTeCTlVE  WRAfPlNC  TAf  CS 

/ 

/ 

*^ 

^ROTtCTlVE  tARRtCRS 

*  VAKIOUSFLASIIC  flUttf  R.AI«OEXSK>Ml«  RMMK  ClDVIS  WA1  •!  AM  RAUOfOKWOKKt^O  VRtH 

$^«OflCAilUlrS  SAUS.AODS  CXU  CKIaSIS  AitOSOtVlllU 
"rOR  NuafAR  RAOlATiOMMAZAIIOSAJlOVAAn.  tHCRC  AMI  AVAILAtU  UAM0RUMIR.ll«OC0ft>SriC 
AftO  ilAOl  D  if  AtHlR  A^AKCi 

Reprinted  with  permission  from  "Work  Gloves"  National  Safety 
(July  1978),  p.  78. 
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2.  rubber  gloves,  to  protect  against  electrical  hazards  (see 
ANSI  J6.6,  Rubber  Insulating  Gloves) 

3.  rubber,  neoprene  and  vinyl  gloves,  to  protect  against 
chemicals  and  corrosives  \ 

4.  leather  gloves  (including  the  chrome-tanned  cowhide  or 
horsehide  leather  gloves  used  by  welders),  to  resist  sparks, 
moderate  heat,  chips  and  rough  objects 

5.  knit  cottgn  gloves,  to  protect  agamst  dirt,  slivers,  chafing 
or  abrasion 

6.  disposable  plastic  gloves,  to  protect  against  liquids,  greases, 
oils,  solvents  and  dusts 
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1.  aluminized  gloves,  to  protect  against  b^rns  aod^iscomfort 
'when  the  hands  are  expoSed  to  sustained'condi^ctive  heat. 

;Alummized  gloves  should  h&  substitu^d  for. asbestos  gloves  in^ 
the  school  shop.  -  ^  . 

When  choosing  hand  protectors  for  a  certain  job,  the  style  of  cuff 
is  as  important  as  the  glove^material.  Gloves  which,have  no  cuff 
offer  no  wrist  ^protection.  They  can  be  used  only  for  materials 
handling  operations  and  general  work  where  there  Ls  little  danger 
of  sparks,  molten  metal  or  irritating  chemicals  (either  dry  or 
liquid)  getting  into^he  glove. 

A  knit-wrist  cuff \off ers  only  incidelf^^  wrist  protection  but  keeps 
dust,  dirt  and  dry  irritants  from  getting  in  the  gloves. 

The  gauntlet  cuff  protects  the  wrist  and  forearm  and  for  special 
situations  can  extend  all  the  way  to  the  elbow.  Accojrding  to  the  . 
capability  of  the  glove  material,  it  shields  the  lower  arm  against 
ibhemical,  liquids,  sparks,  heat,  flame,  electricity,^ radiation  or 
sharp  edges. 

Because  the^^  can  be  heavier  anf^  less  flexible  than  gloves,  hand 
leathers  or  hand  pads  may  be  more  satisfactory  than  gloves  for. 
protection  against  heat,  abrasion  and  splinters. 

■     .     .  .  • 

The  purchasing  of  protective  gloves^ust  be  done  wisely.  Because 
protective  gloves  are  usually  purchased  in  quantity,  a  purchasing 
agent  can  assume  too  easily  that  the  shop  can  get*  along  with  just 
one  or  two  kinds.  Ofcourse  it  is  not  economical  to  specify  a 'dif- 
ferent glove  for  every  job,  but  there  is  a  sensible  and  safe  middle 
ground  which  involves 

•  a  shop  operations  hazard  analysis  - 

•  a  thorough  knowledge  of  ^he  types  jind  uses  of<^protective 
devices 

•  information  about  the  budget, ^combined  with  knowledge 
of  how  gloves  can  be  recycled. . 

Glove  suppliers  and  their  agents  can  offer  useful  recommenda- 
tions to  control  specific  problems. 

In  the  industrial/vocational  education  sHop,  the  trunk  and  legs  of 
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Selecting  the  Right  Glove 


BODY  AND  LEG 
PROTECTION 


ERIC 


410 


1  J 
r                        •    .  ^ 

• 

Personal  Protective  Equipment 

.  »  « 

student^  and  instructor  require  protection-  from  the  hazards  of 
.molten  metal,  sparks,  splashing  liquids,  heat  and  cutting. 

Aprons  for  Flame  and  Heat 
Hazards 

Welders  need  aluminized  aprons  or  aprons  of  fire-resistant  fabric  ^ 
or  leather.  Because  pf  the  carcinogenic  properties  of  asbestos,  it 
is  recommended  that  asbestos  aprons  be  banished  from  the  indus- 
trial/vocational education  shop. 

> 

.                                                                     '  i 
The  bib^type  covers  the  chest,  waist  and  knees  or  ankles,  while  the 
waist  type  lacks  the  chest;Covering  bib*  Some  welders  prefer  to 
combfne  cape  sleeves  (full  sleeves  attached  to  a  bib  or  short  jacket 
which  covers  the  chest)  with  leggings  or  split-leg  aprons.                     -  , 

Aprons  for  Impact  and  Cut 
<»  Hazards  . 

h 

i 

4 

Kickback  aprons  and  aprons  made  of  metal  mesh  or  leather  rein-  I 
^forced  with  metal  studs  offer^^another  kind  of  body  protection.  i 
'The  kickback  apron  shields  ^e  midsection  against  severe  blows 
as  in  the  kickback  of  stock  during  sawing  operations.  ^Metal  mesh  ] 
aprons  prevent  cuts  from  sharp  tools  or  materials.  Aprons  made  of 
leather  studded  with  metal  staples  provide  general  'protection 
against  cuts,  impact  and  abrasion. 

Clothing  for  Chemicals  and 
:               liquid  Hazards^ 

4 

Whenever  there  is  the  danger  of  splashing  chemicals,  all  parts  of 

the  body  that  might  be  exposed  must  be  protected.  In  addition  tp 

protecting  the  eyes,  hands  and  anhs,  the  student  needs  to  protect  ; 

his  body  with  a  coverall,  overall,  coat  or  apron.  These  garments 

are  made._of_such  materials  as  oiled  fabric,  natural  or  synthetic 

rubber,  plastic,  plasHc-coated^iber^^and  so  forth.  > 

FOdT,PROTECTION 

Personal  protective  footwear  can  protect  feet  against  such  injuries 
.  as  might  result  from  falling  objects, 'rolling  objects  (e.g.-,  barrels,  ^ 
wheels,  heavy  pipe)  or  accidental  contact  with  edged  tools  or 
sharp  sheet  metal.  Protective  footwear  falls  into  two  main  classes 
— sfifety  shoes  or  foot  guards.  " 

Safety  Shoes 

The  Office  of  Technical  Services  of  the  Division  of  Safety,  U.S. 
Department  of  Labor,  has  designated  five  principal  types  of  safety 
shoes:                                      ^             ♦                   ^  ; 

1.  safety-toe sho^     '  • 

2.  conductive  shoes 

3.  electrical  hazard  shoes 

\ .  • 

4.  explosives-operations  (nonsparking)  shoes 
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'5.  foundry  (molders)  shoes. 

Because  it  is  unlikely  that  the  lasitWo  types  would  be  used  in  tire 
industrial/vocational  education  shpp,  we  will  eliminate  them  from 
our  discussion. 

Safety-toe  shoes  provide  protection  to  the  toes  by'incorporating 
into  the  construction  of  the  shoe  a  steel  toe  box  or  its  equivalent. 
The  toe  box  adds  little  to  the  weight  or  cost. of  the  shoe/and  a 
well  made  and  properly  fitted  safety  shoe  is  as  comfortable  as 
any  other. 

Safety  toes  are  incorporated  in  leather  and  rubber  boots,  oxfords 
and  leather  shoes.  Soles  may  be  of  leather,  rubber,  cord  or  wood. 
Plastic  instep  guards^may  be  part  of  the  shoe. 

The  ANSI  label  and  class  will  be  marked  in  the  shoe.  ANSI  Z41.1,  I 
Men's  SafetyrToe  Footwear,  divides  footwear  into  three  classes 
based  on  its  aMlity  to  meet  the  minimum  requirements  for  both 
compression  and  impact. 


MINIMUM  REQUIREMENTS 
OF  AMERICAN  STANDARD  Z41 


Classi- 

Compression 

'  Impact 

Clearance 

fication 

(pounds) 

(pounds) 

(inches) 

75 

2500 

75 

.  16/32 

50 

,  1750 

50 

16/32  ' 

30 

1000 

30 

16/32 

As  with  other  types  of  protective  devices,  it  is  important  that, 
•the  extent  of  hazards  be  carefully  assessed.  Suppose  that  a  super- 
visor makes  an  incorrect  appraisal  of  the  potential  impact  of  a 
falling  object  which  is  70  ft./lbs.  and  purchases  class  30  foot 
protection.  What  will  happen?  Under  the  stiess  of  impact,  the  toe 
box  may  provide  insufficient  protection  and  the  victim  will  be 
injured.  Tor  general  industrial/vocational  education  shop  use,  a 
class  75  box  toe  capable  of  supporting  a  static  load  of  2,500 
pounds  with  an  impact  strength  of  75-foot  pounds  is  recom- 
mended. \ 

Conductive  soles  and  heels  drain  off  static  charges  so  as  to  avoid 
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2500  lbs.  = 
1750  lbs.  = 
1000  lbs.  = 
75  lbs.  = 
50  lbs.  = 
'  30  lbs.  = 


113  i  kg. 
794  kg. 
454  kg. 

34  kb. 

23  kg. 

14  kg. 


16»-32"  =  41-81  cm. 


Selection  Criteria 


Conductive  Shoes 
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Electrical  Hazards  Shoes 


Foot  Guards 


Foot  and  Shin  Guards 


SUMMARY 


ERIC 


the  creation  of  static  electricity  in  locations  with  a  fire  of  explo- 
sion hazard.       *  '  < 

Electrical  hazard  shoes  are  mad&  of  leather.  No  metal  is  used  in 
their  construction  except  in  the  toe  box,  which  is  insulated  from 
the  shoe. 

Some  basic  types  of  foot  guards  are  plastic,  aluminum  alloy  or 
galvanized  steel  coverings*  wliich  attach  to  the  shoes  temporarily 
by  means  of  a  heel  strap.  Foot  guards  protect  both  the  toe  and 
instep  against  falling  or  rolling  objects. 

A  combination  foot  and  shin  guard  protects  both  foot  and  shin 
against  flying  particle  hazards.  The  shin  guard  is  made  of  the  same 
material  as  the  foot  guard,  is  hbged  to  it  and  held  in  place  by 
straps  around  the  leg. 

Personal  protective  equipment  is  no  substitute  for  engineering 
controls.  As  a  supplement  to  safe  work  practices,  however,  PPE 
provides  safeguards  against  hazards  common  in  the  industrial/ 
vocational  education  shop:  flying  particles,  moken  metal,  chem- 
ical exposure,  splashing  liquids,  excessive  noise,  sharp  objects,  etc« 
If  shop  operations  and  processes  are  to  take  place  in  an  environ- 
ment where  hazards  have  been  evaluated  ^  \  are  being  controlled, 
equipment  must  be  selected  wisely,  maintamed  properly  and  used 
carefully. 

NOTES 

> 

1.  A' Guide  to  Industrial  Respiratory 'Protection  (Cincinnati: 
NIOSH,  1976)  p.  51. 

2.  Adapted  from  'Fundamentals  of  Industrial  Hygiene,  2nd  ed. 
(Chicago:  National  §afety  Council,  1979),  p.  717. 

3.  This  section  is  adapted  from  Respirat)ry  Protection:  An 
Employer's  Manual  (Cincinnati:  NIQSH,  1978),  pp.  20-22. 
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QUESTIONS  AM)  ANSWERS 
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1.  What  is  the  major  shortcoming  of  personal  protective  equipment? 

•  *  •  < 

Personal  protective  equipment  does  nothing  to  reduce  or 
eliminate  the  hazard. 

•  « 

•  «             •                               •  *- 


2.  What  are  the  six  major  factors  to  beconsidered  in-the  purchase  of  protective  equipment*^ 

s 

^  a.  What  is  the  extent  of  the  hazard? 
•  .  .  • 

b.  Is  fhe  de^ee  of  protection  in  proportion  to  the  seriousness 
of  the  hazard?  ' 

c.  To  what  extent  does  the  equipment  interfere  with  the 
student's  performance?  t 

d.  Is  the  equipment  approved  by  the  appropriate  agencies? 

e.  What  is  the  equipment's  quality? 
t.   What  is  the  equipment's  cost? 

« 

3.  Name  three  kinds  of  protection  offered  by  eye  protectors. 

,    Any.three  from  among  the  following: 

a.  ,  protection  against  flying  particles 

•4. 

b.  protection  against  fumes  and  liquids 

c.  protection  against  hot  splashing  metals 

d.  protection  against  light  rays. 
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What  are  the  three  basic  types  of  personal  hearing  devices? 


a*,  disposable  pliable  material 

h.  ear  plugs 

c.  cup-type  protectors 


5*  Name  three  factors  to  be  considered  in  selecting  respiratory  protection* 

Any  three  from  among  the  following:       .  < 
a.  the  nature  of  the  hazardous  process  or  operation 
b*  the  type  of  respiratory  hazard 

Hi 

•  #  *  .  O 

c.  the  period  of  time,  for  which  respiratory  protection  must 
be  provided 

d.  the  location  of  the  hazard  area  in  relation  to  the  nearest 

source  of  uncontaminated  respirable  air 

♦  • 

e.  the  functions  and  physic^  characteristics  of  respiratory 
protective  devices. 


4  f^:  14^30 


 Personal  Protective  Ecfuipment  

6.  Why  cannot  hand  protection  devices  shield  against  cuts  and  sliver^  when  machinery  is 
being  operated? 

The  ^oves  themselves  would  become  a  hazaird*  They  coirid^- 
snag  in  the  revolving  parts  and  p}ill  the  hand  into  the  machinery. 

 ■  . 

V.  Name  three  hazards  for  which  body  protection  is  available. 

4 

,a.  flaine  and  heat  ^ 

b.  impact  and  cutting 

c.  chemicals  and  splashing  iTquids  ,  *  ^ 
8.  What  is  a  safety^toe  shoe? 

 ;  -7  

A  safety-toe  shoe  incorporates  ■  into  its  construction  a  metal 
toe  box  to  protect  the  toes. 


14-31 


4LG 


BIBLIOGRAPHY 

Accident  Facts  1978,  National  Safety  Council,  Chicago,  Illinois  60611.  1978.  ^ 
Accident  Prevention  Manual  for  industrial  Operations,  7th  ed.,  National  Safety  Council,  Chicz^o, 


Illinois  60611. 1974,  '  '  ^ 


American  Natignal  Standard  Practice  for  Occupational  and  Educational  Eye  and  Face  Protection, 
Z87.M979,  American  Nationa^  Standards  Institute,  New  York,  New  YorklOOlS.  1979. 

Basic  Elements  of  Respiratory  Pro  tec  tie  A' Mine  Safety  Appliances  Company,  Pittsburgh,  Pennsyl- 
vania 15235.  1976.  y         '  . 

Pirenze,  RoUert  J.,  The  Process  of  Hazard  Control,  Kendall/Hunt  l^ublishing  Company,  Dubuque, 
Iowa  52001. 1978.  .  . 

Florida,  Dade  County,  ^a/c  'y  for  Industrial  Education  and  Other  Vocational  Programs,  School 
Board  Policies,  extracted  from  Policies  and  Regulations  of  the  Diide  County  Public  Schools. 
No  date  given.  4  ' 

Fundamentals  of  Industrial  Hygiene,  2nd  ed..  National  Safety  (  ouncil,  Chicago,  Dlinois  60611. 
1979. 

*Take  the  Extra  Step  for  Person^  ?xotection,'' National  Safety  News  (March  1976),  pp.  133-146. 

U.S.  Department  of  Health,  Education,  a|id  Welfare,  National  Institute  fpr  Occupational  Safety  and 
Health,  A' Guide  to  Industrial  Respiratoty  Protection,  June  1976. 

U.S.  Department  of  Health,  Education,  aqd  Welfajre;  National  Institute  for  Occupational  Safety  and 
Health,  Respiratory  Ptote6tion:^n-Employer's  Manual,  October  1978, 

U.S.  Department  of  Labor,  Bureau  of  La&)r  Standards,  Personal  Protective  Equipment,  Bulletin 
299, 1967.  '  ' 

U.S.  Department  of  Labog:,  Occupational  Safety  and  Health  Administration,  General  Industry 
OSHA  Safety  and  Health  Standards  (29  CFR  1910),  November  1978. 

"Work  Gloves, "  National  Safety  News  (Jqly  1 978),  pp\ 


14-32 


\ 


ft. 


APPENDIX 


RESPIRATORS:  THEIR  TYPES,  USES  AND  MAINTENANCE 
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The  three  myor  classes  of  respirators  are: 

1.  air-purifying  respirators 

2.  supplied-air  respirators 

3.  self-contained  breathing  devices. 

Each  class  has  various  characteristics;  advantages,  limitations  and 
subcategories.  Federal  regulations  applying  to  respiratory  pro- 
tective devices  are  contained  in  30  CFR  11  and  29  CFR  1910.134. 
The  latter,  OSHA  Standard  on  Respiratory  .Protective  Equipment, 
is  reprinted  in  its  entirety  in  Fundamentals  of  Industrial  Hygiene] 
2nd  ed.  (Chicago:  National  Safety  Council,  1979),  which  is  an 
important  source  for  much  of  the  following  information.  Another 
•  valuable  source  is  ANSI  Z88.2,  American  National  Standard 
Practices  for  Respiratory  Protection. 

Sometimes  called  dust,  mist  of  furfie  respirators,  air-purifying 
respirators  by  their  filtering  action  refnove  contaminants  from  the 
atmosphere  before  they  caa  be  inhaled.  Various  chemicals  can 
remove  specific  gases  and  vapors,  and  mechanical  filters  remove 
particulate  matter. 

There  are  four  basic  types  of  air-purifying  devices: 

1.  mechanical  filter  respirators 

* 

2.  chemical  cartridge  respirators 

3.  combinations  of  chemical  cartridge  and  mechanical  filter 
respirators  % 

4.  gasmasks.  -i 

Air-purifying  devices  are  small,  relatively  inexpensive  and  easily 
^maintained.  Because  of  the  various  combinations  of  facepieces, 
mouthpieces,  filters,  cartridges  and  canisters  available,  the  devices 
can  be  tailored  to  the  particular  shop  situations. 

Air-purifying  respirators-  cannot  be  used  in  oxygen-deficient  at- 
mospheres or  where  the  air  contaminant  level  exceeds  the  speci-  - 
fied  concentration  limitation  of  the  device.  Seals  on  quarter-mask, 
half-mask  and  mouthpiece  respirators  are  not  always  reUable,  nor 
do  these  respirators  protect  the  eyes  or  skin. 


CLASSES  OF  RESPIRATORS 


AIR^PURIFYING 
RESPIRATORS 


Advanfages 


limitations 


/ 
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1.  Mechanical  (Particulate) 
Filter  Respirators 


Single-Use  Dust 


Mechanical  filter  respirators  offer  protection  against  particulate 
matter,  including  dusts,  mists,  metal  fumes  and  smokes,  but  they 
do  not  provide  protection  against  g^s,  vapors  or  oxygen  deficien- 
cy. They  consist  essentially  of  a  facepiece  (quarter  mask,  half 
mask  or  full-face)  with  a  mechanical  filter  attached.  Many  kinds 
of  mechanical  respirators  have  filters  specifically  designed  for  the 
various  classes  of  particulate  matter. 

Items  to  be  considered  in  selecting  mechanical  respirators  are: 

1.  the  resistance  to  breathing  offered  by  the  filtering  element 

2.  ^  the  adaptation  of  the  facepiece  to  faces  of  various  sizes 

and  shapes 

3.  the  efficiency  in  removing  particulates  of  ^specific  size 
ranges 

4.  the  time  required  to  clog  the  filter. 

The  single-use  respirator  is  a  respirator  which  is  disposed  or  after 
use.  Either  the  air  purifier  is  permanently  attached  to  the  face- 
piece  or  the  entire  facepiece  is  made  of  filter  material.  At  present, 
these  respirators  are^ approved  only  for  pneumoconiosis*  or  fi- 
brosis-producing  dusts  such  as  coal  dust,  silica  dust  and  asbestos. 


J  Single-U.se  Respirator 

Reprinted  from  Respiratory  Protection: 
An  Employer's  Manual  (Cincinnati:  NIOSH, 
1978).  p.  59. 
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The  quarter-mask  covers  the  mouth  and  nose,  whUe  the  half- 
mask  fits  over  the  nose  and  under  the  chin.  The  half-mask  pro- 
duces a  better  facepiece-to-face  seal  than  does  the  quarter  mask 
and  is  therefore  preferred  for  use  against  more  toxic  materials. 
Dust  and  mist  respirators  are  designed  for  protection  against  dusts 
and  mists  whose  TLV  is  greater  than  .05  mg/M^'  or  2  mppcf. 


FACEPIECE 


INHALATION 
VALVE 

AIR 

PURIFYING 
ELEMENT 


HEADBANDS 


EXHALATION 
VALVE ' 


T\pi(ol  quarter-mask  respirator 
*      Reprinted   from  A   Guide  to  Industrial 
Respiratory  Protection  (Cincinnati:  NIOSH, 
1976),  p.  29. 

Quarter-  and  half-mask  fume  masks,  similar  to  the  quarter-  and 
half-mask  dust  and  mist  masks,  utUize  a  fUter  element  which  can 
remove  metal  fumes  in  addition  to  dusts  and  mists  from  the 
inhaled  air.  The  filters  are  approved  for  metal  fumes  having  a 
TLV  above  .05  mg/M^  or  2  mppcf. 

Half-mask  high  efficiency  masks  are  the  same  as  the  respirators 
mentioned  above  but  use  a  high  efficiency  fUter.  Because  of  this 
filter,  they  can  be  used  against  dusts,  mists,  fumes  and  com- 
binations of  those  whose  TLV  is  less  than  .05  mg/M^  or  2  mppcf. 

Full  facepiece  respirators  cover  the  face  from  the  hairline  to  below 
the  chin.  In  addition  to  providing  more  protection  to  the  face, 
the  full  facepiece  respirators  give  a  better  seal  than  do  the'  half- 
or  quarter-mask  respirators.  Depending  upon  the  type  of  fUter 
used,  these  respirators  provide  protection  against  dusts,  mists, 
fumes  or  any  combination  of  these  contaminants. 

Air-purifying  mechanical  fUter  respirators  offer  no  protection 
against  atmospheres  containing  contaminant  gases  or  vapors.  They 
should  not  be  used  for  abrf^sive  blasting  operations  or  in  oxygen- 


Quarter-Mask  Dust  and  Mist 
and  Half-Mask  Dust  and  Mist 


Quarter-Mask  Fume  and 
Half-Mask  Fume 


HaK'Ma^k  High  Efficiency 


Full  Facepiece 


Limitations  of  Mechanical 
Filter  Respirators 
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Vvpu  ol  half-mask  respirator. 

Reprinted  from  A  Guide  to  Industrial 
Respirator/  Protection  (Cincinnati:  NIOSH. 
1976).  p.  29, 


FACEP1ECE 


EYEPIECE 


AIR  DIRECTING  INLET 
INHALATION  VALVE 


EXHALATION 
VALVE 


T\f)i(  al  full-fdi'vpirvc  respirator 


Reprinted  from  A  Guide  to  Industrial  Respiratory 
J^tection  (Cincinnati:  NIOSH,  1976).  p.  30. 
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deficient  atmospheres.  Another  limitation  is  that  the  air  flow 
resistance  of  a  mechanical  respirator  filter  element  increases  as  the 
quantity  of  particles  it  retains  increases,  thus  increasmg  breathing 
xesistance^ 

Chemical  cartridge  respirators  use  various  chemical  filters  to  pro- 
tect against  certain  gases  and  vapors.  They  differ  from  mechanical 
filter  respirators  in  that  they  use  cartridges  containing  chemicals 
to  remove  .harmful  gases  and  vapors.  Consisting  of  a  facepiece 
connected  directly  to  oner-  or  two  small  canisters  of  chemicals, 
they  offer  protection  agaliist  intermittent  exposure  to  light 
concentrations  (10  ppm  to  1000  ppm  by  volume,  depending  upon 
the  contaminant)  of  gases  and  vapors. 

The  cartridge,  a  chemical  filtering  element  which  attaches  directly 
to  the  facepiece,  is  constructed  like  this:.  °  ^ 


RETAINING  SCREEN 
COARSE  FILTER  PAD 

igAS  AND  VAPOR  REMOVING 
ISORBENT  MATERIAL 

CARTRIDGE  "can"  OR  SHELL 


2.  Chemical  Cartridge 
Respirators 


RETAINING  SCREEN 
CARTRIDGE  HOLDER 
GASKET 


3=: 

FACE 


I^CEPIECE 
INHALATION  VALVE 


T\ph  nl  rhrniK  al  cnrtnci^r 
Reprinted  from  A   Guide  to  industrial  . 
Respiratory  Protection  (Cincinnati:  NIOSH 
1976),  p.  34. 

Many  gases  and  vapors  in  extremely  low  concentrations  may  ^ 
cause  nausea  and  headache.  Sometimes  they  may  produce  chronic 
disorders  which  eventually  may  be  fatal.  Chemical  cartridge 
respirators  are  particularly  useful  for  guarding  against 

•  organic  vapors  (e.g.,  acetone,  alcohol,  benzene,  carbon 
tetrachloride,  gasolire) 

•  acid  gasesje.g.,  chlorine,  sulfur  dioxide) 

•  other  gaseous  materials,  (e.g.,  ammonia  gases,  mercury 
yapor). 
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Chemical  cartridge  respirators  have  their  limitations.  They  should 
not  be  used  against  gaseous  material  which: 

1.  is  extremely  toxic  in  very  small  concentrations 

2.  'cannot  be  defected  clearly  by  odor.  Odor  is  necessary  to 

alert  the  student  to  the  fact  that  the  sorbent  is  saturated 
^  and  that  contaminated  air  is  passing  through  t|ie  cartridge, 
'  Cartridges  should  be  changed  when  the  wearer  smells  the 

vapor. 

3.  '  is  in  concentrations  which  are  highly  irritating  to  the  eyes, 
-  unless  supplementary  eye  protection  is  used 

.4.  is  not  stopped  effectively  by  the  chemical  fills  utilized 
(e.g.,  carbon  monoxide). 

The  third  category  of  air-purifying  devices  belongs  to  combina- 
tion mechanical  filter/chemical  filter  respirators,  which  utilize 
dust,  mist  or  fume  filters  with  a  chemical  cartridge  for  dual  or 
multiple  exposure.  Respirators  with  independently  replaceable 
mechanical  filters  are  sometimes  used  f or'this  type  of  unit  because 
the  dust  filter  normally  plugs  before  the  chemical  cartridge  is 
exhausted.  * 

One  type  of  unit  has  a  back-mounted  filter  element.  It  is  especially 
well  suited  for  spray  painting  and  welding  operations,  where  the 
air  contaminant  is  concentrated  in  front  of  the  student. 

Gas  masks  consist  of  a  facepiece  connected  by  a  flexil)le  tube  to 
a  canister.  Contaminated  air  is  purified  by  chemicals  in  the  canis- 
ter (see  Figure  39).  Gas  masks  offer  respiratory  protection  against 
specific  gases,  vapors  and  particulate  matter.  They  are  compact, 
economical,  easy  to  operate  and  easy  to  maintain.  They  are  suit- 
able for  ventilating  areas  not  subject  to  rapid  change  in  air  coritam- 
inant  levels. 

Various  gas  masks  have  been  tested  and  approved  by  the  U.S. 
'Bureau  of  Mines  for  respiratory  protection  against  specific  gases 
and  vapors  specified  on  the  label.  OSHA  regulations  require  that 
each  gas  mask  canister  be  labeled  and  color  coded  to  indicate  the 
type  of  protection  afforded  (see  Table  21). 

Chin-type  canisters,  because  of  their  smaller  size,  should  be  limited 
to  concentrations  not  in  excess  of  .5  percent  by  volume.  They 


Limitations 


3.  Combination  Mechanical 
Filter/Chemical  Filter 
Respirator 


4.  Gas  Masks 


Types  of  Gas  Masks 
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CROSS  SECTION  OF  M-S-A^  MODEL  "SW'TYPE  N  WINDOW-CATOR®  OVAL  CANISTER 

BUREAU  OF  MINES  APPROVAL  NO.  14F-66A 


^  SPRING  holding  uliemical  layers  in  position. 
FlI/rHK  lor  Dusts. 

PURIi  ANHYUROIJH  CALCIUM  CIU.ORIDC.  which  aUs  as  a  Dryei.  preveiiliiiK  inoislunf  from 
riMchinji  tht»  •'Mopciilittj'"'  Catalyst. 

-  -  "MOPCALn  iv*-  Catalyst  acts  to  convert  Carhon  Monoxide.  (CO)  to  Qarbon  Diox  de  (CO2)  by 
uniting  the  C^ygen  (Oj)  in  llu;  <iir  to  the  Carbon  Monoxide  (CO)  thus  forming  Carbon  Dioxide 
(CO2)  which  IS  a  relatively  harinloss  gas.  It  also  has  considerable  Absorbing  Powers  for 
Organic  Vapors  aixi  Acid  Cases. 

WINDOW  INDICATOR  warns  user  when  canister  is  tio  longer  effective  against  CO. 

MOLECULAR  SIKVK.  which  acts  as  an  absorber  of  Ammonia,  also  as  a  Dryer,  preventing 
moisture  from  leaclnng  the  "Hopcalile'**'  Catalyst. 

^  ~  •  CAUS  riTK  for  absorbing  Acid  Cases.  ^ 

^  ACTIVATED  CHARCOAL  lor  absorbmg  Organic  Vapors., 

^  ULTRA  lll(;n  EI  EICIENCY  FILTER  for  fiheling  toxic  diists.  fumes,  mists,  fogs  and  smokes 
including  radionclive  parliculales. 


Reprinted  with  permission  of  Mine  Safety  Appliances  Company. 

Figure  39 
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Tabte21 

COLORS  OR  COMBINATION  OP  COLORS  USED  FOR  GAS  MASK  CANISTERS 


Atmospheric  contaminants  to  be  ^ 
protected  against  Colors  assigned* 

Add  gases  White 

Hydrocyanic  add  gas  White  with  '/rinch  green  stripe  completely 

around  the  canister  near  the  bottom 

Chlorine  gas  White  with  Vt-inch  yellow  stripe  completely  • 

around  the  canister  near  the  bottom 

Organic  vapors  ,  Black 

Ammonia  gas  Green 

Acid  gases  and  ammcnia  gas  Green  wiu^yt-lnch  white  stripe  completely 

around  the  canister  fiear  the,  bottom 

Carbon  monoxide  Blue    '  \ 

Acid  gases  and  organic  vapors  Yellow 

HydrocyarAC'Scid  gas 'and  chlorppicrln  Yellow  with  VHnch  blue  stripe  completely 
vapor  around  the  canister  near  the  bottom 

Acid  gases,  organic  vapors,  and  ammonia  -  Brown 
gases 

Radioactive  materials^  except  tritium  and  Purple  (magenta) 
noble  gases 

Particulates  (dusts,  fumes,  mists,  fogs,  or  Canister  color  (or  contaminant,  as  designated 

smokes)  In  combination  with  any  of  the  .  above,  with  Vs-lnch  gray  stripe  completely 

above  gases  orj^apors.                   ,  around  the  canister  near  the  top 

All  of  the  above  atmpspheric  contam>        Red  with  Vt-lnch  gray  stripe  completely 
inants  *   ~*  around  the  canister  rtear  the  top 


*Qray  shall  not  be  assigned  as  the  main. color  for  a. canister  Besignod  to  remove  adds  or 
vapors.   ^  '  / 

NOTE:  Orange  shaN  be  used  as  a  complete  body,  or  stripe  color  to  represent  gases  not 
Induded  in  this  table.  The  user  wilt  need  to  refer  to  the  canister  label  to  determine  the  de- 
gree of  protection  the  canister  wfll  afford. 

Note  that  additional  requirements  for  respiratory  protection  are  now  being  Induded  by 
OSHA  in  individual  standards  as.  for  example.  In  1910.1001(d).  Asbestos:  1910.1017(g). 
Vin  \  Chloride;  1910.1028(g).  Benzene  Emergency  Temporary  .Standard:  and 
1910.1029(g).  Coal  Tar  Pitch  Emissions. 

Reprinted  Uotn-Generaf  industry  OSHA  Safety  and  Health  Standards 
(29  CFR  1910. 1341  U.S.  Department  of  Labor.  November  1978. 


may  also  be  used  against  dusts  and  mists  having  a  time-weighted 
average  threshold  limit  value  of  not  less  than  .05  raglW  or  two 
mUlion  particles  per  cubfc  foot. 

The  length  of  time  that  a  gas  mask  provides  protection  depends 
upon 

•  the  type  of  canister 

•  the  concentration  of  contaminants  in  the  air 
•  •   the  breathing  rate  of  the  user 

•  the  humidity. 
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Gas  masks  are  subject  to  the  foUowing  limitations: 

1.  Their  use  must  be  restricted  to  atmospheres  w)iich  contain 
sufficient  oxygen  to  support  life. 

2.  Exposure  concentrations  must  not  exceed  the  specific 
limitations. 

3.  They  should  not  be  used  against  a  gas  or  vapor  with  poor 
\>^aming  properties  unless  they  have  an  indicator  or  timer 
that  shows  when  the  canister  should  be  changed. 

The.second  class  of  respirators  delivers  uncontaminated  air  through 
a  supply  pilose  connected  to  the  wearer*s  facepiece.  There  ai^ 
essentially  two  major  groups  of  supplied-air  respirators:  the  air 
line  respirator  and  the  hose  mask  with  or  without  a  blower. 

Air' line  respirators  use  a  stationary  source  of  compressed  air  de- 
livered  through  a  high-pressure  hose.  A  trap  arid  fUter  are  installed 
in  the  compressed  air  tine  ahead  of  the  masks  to  separate  oil, 
water,  grit  or  other  matter  from  the  airstream.  Air  line  devices 
can  be  equipped  with  half-  or  full-face  masks,  helmets  or  hoods, 
or  the  devices  can  come  as  a  complete  suit.  Air  line  respirators 
can  be  uSed  for  protection  against  particulates,  gases  or  vapors. 

A  great  advantage  of  air  line  respirators  is  that  they  can  be  used 
,  for  long  continuous  periods.  They  provide  a  high  degree  of  .protec- 
tion against  contaminants. 

There  are  three  basic  classes  of  air  line  respirators: 

1-  constant  flow,  which  has  a  regulated  amount  of  air  fed  to 
the  facepiece  and  is  normaUy  used  where  there  is  an  ample 
air  supply  (such  as  that  provided  by  an  air  compressor) 


2. 


3. 


demand  flow,  which  delivers  air  only  during  inhalation  and 
is  used  where  air  supply  is  restricted  to.  high-pressure 
compressed  air  cylinders 

positive  pressure  flow,  which  provides  a  positive  pressure 
during  both  inhalation  and  exhalation,  avoiding  both  the 
possible  inward  leakage  caused  hy  the  negative  pressure " 
during  inhalation  which  is  part  of  the  demand  system  and 
the  relatively  high  air  dpnsumption  of  the  constant  flow 
system. 


Limitations 


SUPPLDED-AIR 
RESPIRATORS 


1.  Air  Lin.e  Devices 


Classes 
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Limitations 


300'  =  91  m. 


2.  Hose  Masks 


Masks  with  Blowers 


300'  =  91  m- 


=  2.6  cm. 


Hose  Masks  without  Blowers 
75'  ='23m. 


SELF-CONTAINED       '  . 
BREATHING  APPARATUS 
(SCBA) 


Air  line  respire  to^rs  cannot  be  used  in  atmospheres  immediately 
danprous  to  life  or  health  because  the  user  is  completely  de- 
pendent on  the  integrity  of  ttie  air  supply  hose  and  the  air  source* 
If  something  happens  to  either  the  hose  or  dk  supply,  the  user 
cannot  escape  from  the  contaminated  area  without  endangering 
his  life*  Extreme  carje  must  be  taken  to  ensure  that  the  source  of 
air  is  free  of  hazardous  substances  such  as  carbon  monoxide  and 
oilmist* 

CJompressors  or  similar  devices  must  be  situated  to  avoid  entry  of 
contaminated  air  into  the  system.  Alarms  must  be  installed  on 
compressors  to  indicate  compressor  failure  and  overheating,  as 
well  as  excessive  levels  of  carbon  monoxide* 

Air  line  hose  never  may  excised  300  feet  in  length.  This  require- 
ment limits  the  wearer  to  a  fbced"  distance  from  the  air  supply 
source.  The  hose  must  be 'protected  from  objects  which  could 
cut  or  puncture  it  during  use.  Connections  on  the  air  line  must  be 
airtight.  ,  - 

Hose  masks  supply  outside  air^  the  wearer  through  a  length  of 
hose.  They  are  available  either  without  a  blower  or  with  a  power- 
driven  or  hand-operated  blower. 

NIOSH/MSHA  have  approved  hose  masks  with  blowers  for  respira- 
tory ^protection  ^in  any  atmosphere-regardless  of  the  degree  of 
contamination  or  oxygen  deficiency-jT  clean,  breathable  ^  air 
can  be  reached  within  the  distance  of  the  permissible  hose  length 
(up  to  30O  feet),  and  if  there  is  a  person  standing  by  with  suitable 
rescue  equipment. 

ft  , 
The  air  hose  must  have  a  large  inside  diameter  (approximately  one 
inch)  so  that,  m  case  of  blower  faUure,  the  wearer  can  breathe 
through  the  hose  whUe  escaping  from  the  contaminated  area. 
The  hose  must  be  able  to  withstand  crushing  weight  and  be  highly 
resistant  to  petroleum  vapors. 

Hose  masks  without  blowers  are  used  when  uncontaminated  air 
can  be  reac)ied  within  75  fe«t.  Such  units  carry  only  limited 
approval' and  cannot  be  used  in  atmospheres  immediately  danger- 
ous to  life  and  health. 

Self-contained  breathing  apparatus  (SCBA),  the  third  class'  of 
respirator,  provides  complete  respiratory  protection  against  toyic 
gases  and  oxygen  deficiency.  The  SCBA  allows  the  user  to  carry  a 
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respirable  breathing  supply  and  eliminates  the  need  for  a  station 
ary  air  source  to  provide  breathable  air..The  wearer  is  independent 
of  the  sunounding  atmosphere  because  he  is  breathing  with  a 
system  admitting  no  outside  air.  This  allows  comparatively  free 
movement  pver  an  unlimited  area. 

In  an  environment  that  contains  a  substance  that  is  dangerously 
irritant  or  corrosive  to  the  skin,  a  self-contained  breathing  appara- 
tus must  be  supplemented  by  impervious  clothing. 

There  are  four  basic  types  of  SCBAs: 

1.  oxygen  cylinder  rebteathing  '  ^ 

2.  self-genferatiiig 

3.  demand 

4.  positive  pressure.  "  * 

The  first  two  are  closed  circuit;  the  second  two  are  open  circuit 
systems. 

In  the  closed  circuit  devices,  air  is  rebreathed  after  the  exhaled 
carbon  dioxide  has  been  removed  and  the  oxygen  content  re- 
stored. These  dfevices  are  designed  primarily  for  j)ne-  to  four- 
hour  use.       '  ^ 

This  type  consists  of  a  relatively  small  cylinder  of  compressed 
oxygen,  reducing  and  regulating  valves,  a  breathing  bag,  facepiece 
or  mouthpiece  plus  no^clip  and  a  chemical  container  to  remove 
carbon  dioxide  from  the  exhaled  breath. 

The  self-generating  type  uses  the  principle  of  rebreathing,  but  it 
has  no  mechanical  operating  components.  It  has  a  chemical  can- 
ister that  evolves  oxygen  and  removes  the  exhaled  carbon  dioxide. 
The  wearer,  using  the  canister,  makes  his  own  oxygen  instead  of 
drawing  it  from  a  compressed  gas  cylinder  or  liquid  oxygen  source: 

Open  circuit  devices  have  an  air  supply  which  lasts  from  three  to 
thirty  minutes,  depending  on  the  respirator.  When  compared  with 
rebreathing  types,  they  are  relatively  inefficient  because  the 
exhaled  ai?,  which  is  still  rich  in  oiygen,  is  released  into  the  at- 
mosphere instead  of  being  used  again. 


Types 


Closed  Circuit 


Oxygen  Cylinder  Rebreathing 


Self-Generatmg 


Open  Circuit 
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Demand 


Positive  Pressure 


MEDICAL  ASPECTS  OF 
USING  REbPlRATORY 
EQUIPMENT 


35  lbs,  =  16  kg. 
300*  =>  91  m. 


MAINTAINING 
RESPIRATORS 


Methods  of  Cleaning 


\ 


All  the  different  models  of  demand  type  apparatus  designe<i  for 
specific  applications  consist  of  a  high-pressure  air  cylinder,  a  de- 
mand regulator  connected  either  directly* or  by  a  high-pressure 
tube  to  the  cylinder,  .a»facepiece.  and  tube  assembly  mth  exhala- 
tion valve  or  valves  and  a  method  of  mounting  the  apparatus  on 
the  body.  After  putting  in  the  facepiece,  the  wearer  opens  the 
cylinder  valve.  The  airflow  if  automatically  regulated  to  the  de- 
sired level  to  accommodate  ^^r  varying  breathing  needs.  The 
exhaled  air  passes  through  a  \  ^  /e  in  the  facepiece  to  the  surround- 
I  ing  atmosphere.  , 

Poative  pressure  apparatus  uses  4J>e  same  principle  as  poative 
pressure  air  line  respirators.  They  ar^  used  in  the  same  circum- 
stances, nicely  where  the  toxicity  is  such  that  the  potential 
facepiece  le^age  of  demand  apparatus  presents  an  intoleraliJ  ? 
hazard.      \  » 

The  use  of  any  type  of  respirator  may  impose  some  physiological 
stress  on  £he  user.  Air-purifying  respirators,  for  example,  make 
inhaling  more  difficult  because  the  filter  or  cartridge  impedes  the- 
flow  of  air;  exhaling  is  more  difficult  because  the  expired  air  must 
force  open  a  valve.  The  special  exhalation  valve  on  an  open  circuit 
pressure-demand  respiratoj:  requires  the  wearer  to  exhale  against 
Mgnificant  resistance.  The  bulk  and  weight  of  a  SCBA— up  to  35 
pounds^an  b<^  a  burden.  Someone  using  an  air  line  respirator 
or  hose  mask  ipay  have  to  drag  around  up  to  300  feet  of  hose.*- 

All  of  the  above  factors  can  increase  significantly  the  user^s  work- 
load. Those  requiring^respiratory  equipment  should  have  a  medical 
examination  to  determine  whether  they  have  sufficient  cardio- 
vascular and  pulmonary  fitne^  to ,  accommodate  the  additional 
physiological  stress.  ^ 

In  Jarge  programs  where  respiratory  protective  equipment  is  used 
routinely,  respirators  should  be  cleaned  and  disinfected  daily  In 
sm^l  programs  where  respirators  are  used  occasionally,  weekly  or 
monthly  cleaning  and  disinfecting  are  appropriate*  Individual 
users  who  maintain  their  own  respirators  should  be  trained  in  the 
cleaning  of  respirators.  The  following  suggestions  are  adapted  from 
A  Guide  to  Industrial  Respiratory  Protection  (Cincinnati:  NIOSH, 
1976). 

Two  methods  of  icleaning  can  be  adapted  to  the  industrial/voca- 
tional education  shop:  •  - 
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• 

h  The  respiratory  protection  equipment  may  be  washed  with 
detergent  in  \varm  water,  using  a  brush,  thoroughly  rinsed 
in  clean  water  and  then  air-dried  m  a  clean  place.  Care 
should  be  taken  to  prevent  damage  from  rough  handling. 
This  method  is  ah  accepted  procedure  for  a  small  respira- 
tor program  or  ajJtogram  where  each  user  cleans. his  own 
respirator.        •  „    -                    ,   _ 

V 

„      •           2.  A  standard  domestic-type  clSthes  washer  may  be  used  if  a 
^  rack  is  installed  to  hold  the  facepieces  in  a  fixed  position. 
(If  loose  facepieces  are  placed  in  a  washer,  the  agitator 
n-ay  damage  them.)  This  metjiod  is  especially  useful  in 
'  ^               large  programs  where  respirator  usage  is  extensive. 

If  possible,  detei-gents  containing  a  .bactericide  should  be  used. 
Organic  solvents  should  not  be  used  because  they  can  deteriorate 
the  rubber  facepiece.  If  a  detergent  containing  a  bactericide  is  not 
•  available,  a  regular  detergent  may  be  used,  followed  by  a  dis- 
infecting rinse'.  Reliable  disinfectants  may  be  made  from  some 
available  household  solutionis. 

Detergents  and  Disinfectants 
* 

•    Hypochlorite  solution  (50  ppm  of  chlorme)  made  by 
,  adding  approximately  two  tablespoons  ^of  chlorliie  bleach 
per  gallon  of  water.*  A  two-minute  immersion  disinfects  the 
respirators.  ' 

•   Aqueous  solution  of  iodine  (50  ppm)  made  by  adding 
approximately  one  teaspoon  of  tincture  of  iodine  per 
,  *                '   gallon     water. 'a  two-minute  imm'ersion  is  sufficient  and 
will  n3l  damage  the  rubber  and  plastic  in  t^ie  respirator 
facepiece. 

«»  tA» 

Check  with  the  manufacturer  to  find*  out  the  proper  temperature 
for  the  solution.  ' 

<.  ^ 

If  the  respirators  are  washed  by, hand,  a  separate  disinfecting* 
rinse  may  be  provided.  If  «a  washing  machine  is  used,  the  dism- 
fectant  must  be  added  to  me  rinse  cycle,  and  the  amount  of 
water  in  the  machine  at  that  time  will  have  to  be  measured  to 
determine;the  correct  amount  of  disinfectant  to  be  added. 

^  The  cleaned  and  disinfected  respirators  should  be  rinsed  thorough- 
ly  in  clean  water  (140^  maximum)  to  remove  all  traces  of  deter- 
gent,, cleaner,  sanitizer  and  disinfectant.  This  is  very  important  to 
prevent  dermatitis. 

Rinsing 

MOT  =  eo°c 
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Drying 


Storage 


INSPECTION 


/ 


Record  Keeping 


<;0RREcrriNG  defectsS 


The  respirators  may  be  alIo3ved  to  dry  by  themselves  on  a  clean 
surface.  Tl\ey  also  may  be  hung  from  a  horizontal  wire,  like  drying 
clothes,  but  care  must  be  taken  not  tg  damaggL^the  facepieces. 

All  the  care  that  has  gone'into  cleaning  and  maintaining  a  respira- 
tor can  be  negated  by  improper'^torage.  Respiratory  protective 
-equipment  must  he  stx>red~sb^as-to->protect  itironudust^-sunligbt, — 
heat,  extreme  cold,#excessive  /noist'ure'  and  damaging  chemicals. 
Leaving  a  respirator  unprotected— o^^  a  workbench  or  ia  a  tool 
cabinet  or  tpol  box  among  heavy  wrenches-ca^  lead  to  damage  of 
the  working  paris  or  permanent  distortion  of  the  facepiece, 
making  the  respurator  ineffective. 

After  the  respirators  are  cleaned  and  disinfected,  they  should  be 
placed  individually  in  heat*sealed  or  reusable  plastic  bags  until 
reissue.  They  should  be  stored  in  a  single  layer  with  the  facepiece 
and  exhalation  valve  in  a  more  or  less  normal  position  to  prevent 
the  rubber  or  plastic  from  taking  a  permanently  distorted  **sef 

An  iniportant  palrt  of  a  respirator  maintenance  program  is  the 
inspection  of  the  devices.  If  carefully  performed,  inspections  will 
identify  damzffed  or  malfunctioning  respirators.  *^A1J^  respiratory 
protective  equipment  must  be  inspected  ' 

f 

•  before  and  after  each  use 

•  duringcleaning. 

Equipment  designated  for  emergency  use  must  be  inspected* 

•  after  each  use:  . 

•  duringcleaning 

•  at  least  monthly. 

Self-contained  breathing  apparatus  must  be  inspected 

•  at  least  monthly. 

A  record  must  be  kept  of  inspection  dates  and  findings  for  respira- 
tors  maint^ned  for  emergency  use.  * 

The  following  section  itemizes  some  primary  defects  to  look  for 
when  inspecting  respirators.  Information  within  the  parentheses 
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suggests  appropriate  'action  to  be  taken  whep  defects  are  dis- 
covered? • 


1.  Air-Purifying  Respirators  y{mechanicdl  filter,- chemical 
cartridge,  combination  mechanical  fUter/chemical  car- 
tridge, gas  mask) 


a-  rubber  facepiece— check  for: 

—  excessive  dirt  (clean  all  dirt  from  facepiece) 

—  cracks,  tears  or  holes  (obtain  new  facepiece) 
distortion  (allow  facepiece  to  "sit",  free  from  any 
constraints  and  see  if  distortion  disappears;, if  not, 
obtain  new  facepiece) 

—  inflej^ibility  (stretch  and  massage  to  restore  flexi- 
bUity) 

—  cracked,  scratched  or  loose  fitting  lenses  (contact 
respirator  manufacturer  to  see  if  replacement  is 
possible;  otherwise,  obtain* new  facepiece). 

b.  headstraf>s— check  for: 

—  breaks  or  tcairs  (replace  head-straps) 

—  loss  of  elasticity  (replace  head-straps) 

•    —  broken  or  malfunctioning  buckles  or  attachments 
(obtaia  new  buckles)' 

—  excessively  worn  serrations  on  the  head  harness 
which  might  allow  the  facepiece  to  slip  (replace 
headstrap). 

c.  inhalation  aitH  exhalation  valves-xheck  for:' 

detergent  -residue,  .dust  particles,  human  hair  or 
dirt  on  valve  or  valve  seat  (clean  residue  with  soap 
and  water) 

—  improper  •insertion  of  the  valve  body  in  the  face- 
piece  or  improper  installation  of  the  valve  in  the 
valve  body  (correct  insertion  and  installation) 

—  craclcs,  tears  or  distortion  in  the  valve  material  or 
valve  body  (contact  manufacturer  for  instructions) 

—  missing  or  defective  valve  cover  (obtain  valve  cover 
from  manufacturer). 

d.  fUter  eiement(s)— check  for: 

—  proper  filter  for  the  hazard 

—  approval  designation 

missing  or  worn  gaskets  (contS^^manufacturer  for 
.replacement) 


I 

Air-Purifying  Respirators 


Personal  Protective  Equipment 


Supplied-Air  Respirators 


Self-Contained  Breathing 
Apparatus 


—  worn  threads,  both  filter  threads  and  facepiece ' 
threads  (replace  filter  or  facepiece,  whichever  is 
applicable) 

—  cracks  or  dents  in  filter  housing  (replace  filter) 

—  deterioration  of  gas  mask  canister  harness  (replace 
harness)  ♦ 

—  service  life  indicator  or  end  of  service  date;  or,  in 
the  case  of  a  gas  mask,  expiration  (contact  manu- 
facturer to  find  out  if  your  filter  element  has  one; 
if  not,  ask  what  will  indicate  the  "end  of  service"). 

e.  corrugated  breathing  tube  (gas  mask)— check  for: 

—  cracks  or  holes  (replace  tube) 

—  missing  or  loose  hose  clamps  (obtain  new  clamps) 

—  broken  or  missing  end  connectors  (obtain  new 
connectors). 

2.  Supplied'Air  Respirators 

a.  check  facepiece,  headstraps,  valves  and  breathing  tube 
as  for  air-purifying  respirators  (l.a--c  and  e  abttve). 

b.  hood  helmet,  blouSe  or  full  suit-^heck  for: 

—  rips  and  torn  seams  (if  unable  to  repair  the  tear 
adequately,  replace) 

—  headgear  suspension  (adjust  for  individual  fit) 

—  cracks  or  breaks  in  faceshield  (replace  faceshield) 
intact  protective  screen,  which  fits  correctly  over 
the  faceshield  of  abrasive  ^  blasting  hoods  and 
blouses  (obtain  new  screen). 

c.  air  supply  systems— check  for: 

—  breathing  air  quality 

—  breaks  or  kinks  in  air  supply  hoses  and  end-fitting 
attachments  (replace  hose  and/or  fitting) 

—  tightness  o^-<*onnections 

—  proper  setting  of  regulators  and  valves  (consult 
manufactuter's  recommendations) 

—  correct  operation  of  air-purifying  elements  and 
carbon   monoxide  or  high-temperature  alarms. 

3.  Self-Contained  Breathing  /Ipparc /us— consult  manufac- 
turer's literature. 
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UNIT  15 


MACHINE  GUARDING 


METHODS 


Lecture  and  Demonstration 


LENGTH  t  60  Minutes 


PURPOSE 


To  show  how  machine  guarding  contributes  to  the  total  hazard  control  pro- 
gram in  the  industrial/vocational  education  shop. 


0 


OBJECTIVES 


To  introduce  the  participant  to: 


1.  The  hazardous  mechanisms  which  need  to  be  safeguarded 

2.  The  places  on  machinery  where  guarding  is  required. 

3.  V.  The  b*asic  types  of  gua)Kls  ^ 

4.  ^  Characteristics  of  good  guards 

5.  Specific  guarding  requirements  associated  with  equipment  commonly 
encountered  in  the  industrial/vocational  education  shop. 


SPECL\L  TERMS 


1. 
2. 
3. 
4. 
5. 


Rotary  Motipn 
Reciprocating  Motion 
Inruhning  Nip  Point 
Point  of  Operkion 
Fixed  Enclosure  Guard 


6.  Interlocking  Guard 

7.  Ripping 

8.  Crosscutting 

9.  Flanges 


INS^fRUCTOR 
MATERIALS 


Lesson  Plan 

35  mm  Slides,  Projector  and  Screen 
Chalk  Board/Chalk 


TRAINEE 
MATEkLVLS 


Participant  Outlines  and  Supplementary  Materials 


* 
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MACHINE  GUARDING 


The  National  Safety  CouncU  estimates  that  nearly  1/5  of  all 
permanent  partial  disabilities  result  from  mjuries  associated  with 
machinery.  Poorly  designed,  improperly  guarded  or  unguarded 
machinery  are  djeterrents  to  die  educational  process  and  weU- 
being  of  students,  instructors  and  mother  school  personnel. 

Machme  guardmg  is  of  the  utmost  importance  in  protecting 
students  in  the  industrial/vocational  education  shop  from  the 
hazards  associated  with  operating  machinery.  In  fact,  it  could  be 
said  that  the  degree  to  which  machines  are  guarded  in  the  shop  is* 
a  reflection  of  the  administration's  interest  in  providing  a  safe 
workplace.  Machme  guarding  is  not  optional  but  required.  OSHA 
regulations  clearly  state  that  points  of  operation  and  power 
transmission  shall  be  guarded. 

People  cannot  always  be  relied  upon  to  act  skiely  enough  around 
machinery  m  motion  to  avoid  accidents.  Even  the  weU  coordi- 
nated and  highly  trained  person  may  commit  an  error  which  could 
lead  to  injury  and  death.  All  effective  guard  will  allow  students  to 
be  more  comfortable  around  machinery  because  he  will  know  that 
he  is  protected  from  hazards.  On  the  other  hand,  a  poorly  de- 
signed or  inadequate  guard  can  be  more  dangerous  than  no  guard 
at  all  because  students  will  trust  it  for  protection  it  cannot  provide. 

The  National  Safety  Council  'efines  guarding  as  "any  means  of 
effectively  preventing  personnel  from  coming  in  contact  with  the 
moving  parts  of  machinery  or  equipment  which  could  cause  physi- 
>cal  harm  to  the  personnel."!  Machine  guarding  protects  against 
and  prevents  injury  from  the  f oUowing  sources: 

1.  direct  contact  with  the  moving  parts  of  a  machine 

2.  work  in  process  making  contact  with  personnel  (e.g., 
kickbacks  on  a  circular  ripsaw,  metal  chips  from  a  machine 
tool  operation,  splashing  of  chemicals  or  hot  metal)  ^ 


INTRODUCTION 


Definition  of  Guarding 


Sources  to  be  Guarded  Against 
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MECHANICAL  MOTIONS 


Rotary  Motion 


Reciprocating  Motion 


MECHANISMS  REQUIRING 
GUARDS 


3.  mechanical  failure 

4.  electrical  faUure 

5.  human  faUure  from  any  of  various  causes  (e.g.,  curiosity, 
distraction,  fatigue,  worry,  anger,  Ulness,  zeal,  laziness, 
deliberate  risk-taking).^  / 

Before  we  ask  what  mechanisms  need  safe-guarding,  we  first  must 
determine  what  is  meant  by  machinery  motion.  ^ 

All  machinery  movement  employs  one  of  three  kinds  of  motion: 
rotary  motion,  reciprocating  (back-and-forth)  motion  or  a  com- 
bination of  these  two.  Each  of  these  motions  can  produce  crush- 
ing and  shearing  actions. 

Rotary  motion  is  found  in  simple  rotating  mechanisms,  rotary 
cutting  and  shearing  mechanisms,  rotating  mechanisms  with  in- 
running  nip  points  and  screw  or  worm  mechanisms.  Rotary  action 
is  hazardous  regardless  of  the  speed,  size  or  surface  finish  of  the 
shaft.  Even  smooth,  slowly  rotating  shafts  can  grip  clothing  or 
hair  or  force  an  arm  or  hand  into  a  dangerous  position. 

Where  reciprocating  motion  is  used,  the  hazardous  point  comes 
when  the  moving  part  approaches  or  crosses  a  fixed  part  of  the 
machine.  (A  back-and-forth  motion  could  also  be  called  trans- 
verse, depending  on  the  position  of  the  worker  in  relation  to  the  ' 
machine.) 

Mechanisms  using  these  motions  always  need  guarding  if  they  are 
exposed.  They  can  be  divided  into  the  following  groups: 

1.  rotating  mechanisms 

2.  cutting  or  shearing  mechanisms 

3.  inrunning  nip  points 

4.  screw  or  worm  mechanisms 

5.  forming  or  bending  mechanisms.^ 

A  piece  of  equipment  may  employ  more  than  one  type  of  hazard- 
ous motion.  For  example,  a  belt  and  pulley  drive  is  a  hazardous 
rotating  mechanism  and  also  has  hazardous  inrunning  nip  points. 
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A  rotating  part  is  dangerous  unless  it  is  guarded.  Common  hazard- 
ous rotating  machine  parts  include  vertical  or  horizontal  trans- 
mission shafts,  pulleys,  belts,  rod  or  bar  stock  projecting  from 
lathes,  set  screws,  flywheels  and  their  cross  members,  drills, 
coupKngs  and  clutches  (see  Figure  40).  the  danger  increases  when 
items  as  bolts,  projecting  keys  or  screw  threads  are  exposed 
rotating. 

1,  m^^>f 


such 
.wheij 


D  I  "  E 

Rotating  mechanisms  that  can  seize  and  wind  up  loose  clothing,  belts, 
hair,  and  the  like,  should  be  provided  with  guards:  a-projecting  key 
and  setscrew;  B~spokes  and  burns;  C-coupling  bolts;  D-bit  and 
chuck;  E~turning  bar  stock;  and  F-rotating  shaft. 
Reprinted  with  permission  form  Supervisors  Safety  Manual,  5th  ed. 
(Chicago:  National  Safety  Council,  1978),  p.  298. 

Figure  40 


The  hazards  of  cutting  and  shearing  mechanisms  lie  at  the  points 
where  .a  rotary  cutting  action  is  used  or  where  the  moving  parts  of 
a  reciprocating  mechanism  approach  or  cross  the  fixed  parts  of  the 
piece  or  machine  (see  Figure  41).  Examples  of  machines  using 
tutting  and  shearing  mechanisms  are  band  and  circular  saws, 
milling  machines,  lathes,  grinding  machines,  abrasive  wheels, 
shapers  and  drills  and  boring  machines. 

An  inrunning  nip  point  is  formed: 

1.  when  tv/o  parts  that  are  in  contact  wth  or  close  to  one 
another  rotate  in  opposite  directions 

2.  when  a  part  rotates  over,  under  or  near  a  stationary  object. 


Rotating  Mechanisms 


Cutting  or  Shearing 
Mechanisms 


Inrunning  Nip  Points 
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Screw  or  Worm  Mechanism 
r 


Forming  and  Bending 


Common  cutting  or  thoaring  mtchonitmt.  Protection  should  be  provided  for  all 
variations  of  such  hazards. 

Protection  against  all  variations  of  these  common  cutting  and  shearing 
mechanisms  should  be  provided. 

Reprinted  with,  permission  from  Supervisors  Safety  Manual,  5th  ed. 
(Chicago:  National  Safety  Council.  1978).  p.  301. 

Figure  41 


A  nip  point  draws  in  objects  or  parts  of  the  body  and  crushes, 
mangles  or  flattens  them.  Once  an  object  is  drawn  in,  it  is  diffi- 
cult .if  not  impossible  to  withdraw  it.  Examples  of  nip  points  are 
the  points  of  contact  between  a  belt  and  pulley,  chain  and  sprock- 
et»  gear  and  rack  and  the  squeeze  spaces  between  shafts  or  rolls 
which  are  rotating  close  together  land  in  opposite  directipns  (see 
Figure  42). 

The  hazards  of  screw  or  worm  mechanisms  are 

1.  the  shearing  action  set  up' between  the  moving  screw  and 
the  fixed  parts  of  the  machine 

2.  the  mangling  or  battering  action  created  if  a  part  is  caught 
in  the  mechanism. 

Screw  or  worm  mechanisms  are  used  for  conveyJng,  mixing  or 
grinding  materials. 

The  hazard  of  all  forming  and  bending,  mechanisms  lies  at  the 
point  where  the  punch  or  upper  die  approaches  the  lower  die.  In 
other  words,  the  danger  lies  at  the  point  of  operation  where  stock 
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Worm  mechanism  employed  in  screw  conveyor. 

Reprinted  with  permission  from'  Guards  frustrated, 
3rd  ed.  (Chicago:  National  Safety  Council,  1973),  p.  xv. 


Typical  inrunning  nip  points.  Protection  against 
such  hazards  is  of  prime  importance  to  prevent 
accidents.  <> 

Reprinted  with  permission  from  Guards  Illus- 
trated, 3rd  ed.  (Chicagor  National  Safety  Council, 
1973),  p,  XV, 

Figure  42 

is  inserted,  maintained  and  with«^wn.  Examples  of  such  mech- 
anisms are  power,  foot  and  hand  presses,  press  brakes,  metal 
shears  and  forging  machines. 


Ir  


Reprinted  with  permission  from  Guards  Illustrated, 
3rd  ed.  (Chicago:  National  Safety  Council,  1973), 
p,  XV, 
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WHERE  GUARDING  IS 
NECESSARY 


Point  of  Operation 
Definition 


OSHA  Requirements 


Guarding  should  take  place  at  two  points: 

1.  the  point  of  operation  ^ 

2.  the  point  where  power  is  delivered  to  the  machine. 

The  point  of  operation  is  that  area  on  a  machine  where  material 
is  positioned  for  prbcessing  or  change  by  the  machine.  It  is  the 
place  where  work  is  actually  performed  upon  th^'aterial.  OSHA 
defines  it  as  'Hhat  point  at  which  cutting,  shaping,  boring  or  form- 
ing is  accomplished.upon  the  stock.'' 

OSHA  regulations  (in  29  CFR  1910.212)  mandate: 

The  point  of  operation  of  machines  whose  operation 
exposes  an  employee  to  injury  shall  be  guarded.  The 
guarciing  devices  shall  be  in  conformity  wjth  any  appro- 
priate standards  therefore,  or,  in  the  absence  of  appli- 
cable specific  standards,  shall  be  so  designed  a!nd  ^con- 
structed  as  to  prevent  the  operator  from  having  any  part 
of  his  body  in  the  danger  zone  during  the  operating  cycle. 

OSHA  also  has  established  requirements  for  the  design,  con- 
struction, application  and  adjustment  of  point  of  operation  guards 
(29  CFR  1910.212).  In  general,  point  of  operations  guards  must: 

1.  prevent  entry  into  the  point  of  operation  by  hands  or 
fingers  reaching  through,  over,  under  cr  around  the  guard 

2.  conform  to  the  maximum  permissible  openings  (see  Table 
22) 

3.  create  no  pinch  point  between  the  guard  and  moving 
machine  parts 

4.  minimize  the  possibility  of  misuse  or  removal  of  essential 
parts  by  utilizing  fasteners  which  the  operator  cannot 
remove  readily 

5.  facilitate  inspection 

6.  offer  maximum  visibility  of  the  point  of  operation. 

Point-of-operation  guards  must  be  constructed  with  a  feed  opening 
that  is  limited  in  size  so  that  stock  or  material  can  be  admitted 


15-8 


"1^1 2 


Machine  Guarding 


TABLE  22 

t  § 

MAXIMUM  PERMISSIBLE  OPENINGS 

* 


DISTANCE  OF  OPENING 
FROM  POINT  OF  OPERATION  HAZARD 
{in  Inches)               (in  centimeters) 

MAXIMUM 
WIDTH  OF  OPENING 
{in  inches)               (in  millimeters) 

1.3  to  3.8  cm. 

,  1/4" 

6  mm.  , 

v^io  Th'' 

3.8  to  6.4  cm. 

,  3/8" 

10  mm. 

6.4  to  8.9  cm. 

1/2" 

13  mm. 

3»^to  5'/^" 

8.9  to  14.0  cm. 

— 0  

'  5/8" 

16  mm. 

5!4to  6/2" 

14.0  to  16.5  cm. 

3/4" 

19  mm. 

6'^to  Th" 

16.5  to  19.0  cm. 

'  7/8" 

22  mm. 

T/2XO  \T/2" 

19.0  to  31.8  cm. 

'1  1/4" 

32  mm. 

12/2  to 

31.8  to  39.4  cm. 

1  1/2" 

'               38  mm. 

15'^to  \T/2" 

39.4  to  44.5  cm. 

1  7/8" 

48  mm. 

17^^to31y4" 

44.5  to  80.0  cm. 

2  1/8" 

54  mm. 

Adapated  from  General  Industry  OSHA  Safety  and  Health  Standards  {29  CFR  1910.217).  November  1978. 


into  the  danger  zone  but  hands  ai?d  fingers  cannot.  Guard  open- 
ings are  necessary  for: 

1.  material—entrance,  removal,  scrap  removal 

2.  vision— cutting,  line,  inspection,  selection 

3.  lubrications-greasing,  oiling,  cleaning 

^    4.  adjustinentsHrepairs,  alterations,  changes. 

Maximum  safe  openings  are  placed  so  that  they  do  not  permit  the 
operator's  fingers  to  reach  the  point  of  operation  (see  Table  22), 
Suppose  it  is  necessary  to  provide  a  3/4-inch  opening  between 
the  bottom  of  the  guard  and  the  top  of  the  feed  table  or  between 


Guard  Openings 


Maximum  Safe  Openings 
3/4"  =  19  mm. 
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3/4"  =  19  mm. 
5-1/2"  =  140  mm. 


3/8"  =  10  mm.  1/4"  =  6  mm. 
M/2"  -  38  mm. 


Point  Where  Power  is 
Delivered 


TYPES  OF  GUARDING 


Fixed  Enclosure  Guard 


openings  in  a  guard  for  the  feeding  of  material.  In  this  case  the 
diagram  shows  that  a  3/4-inch  opening  is  permissible  to  within 
5-1/2  inches  of  the  point  of  operation.  ^ 

The  average  woman's  finger  (glove  size  6-1/2)  will  go  through  a 
3/8-inch"  opening.  Therefore,  for  openings  in  any  guard,  use  1/4 
inch  as  thd  allowable  opening  within  1-1/2  inches  of  the  hazards* 
When  installing  guards  with  openings  over  1/4  inch,  tests  should 
be  carefully  made  by  students,  'particularly  girls,  to  make  certain 
that  th^  guard  is  effective  before  the  machine  is  operated. 

Distinct  from  point'Of-operation  guarding  but  complementarv  to 
it  is  guarding  at  the  point  where  power  is  delivered  to  the  ma- 
chinery. This  includes  the  entire  powei^  transmission  apparatus. 
Because  power  transmissions  are  far  more  standardized  and 
because  it  te  not  necessary  to  consider  feeding  material  into  the 
machine  as  with  the  point  of  operation  situation,  they  are  easier 
to  guard  effectively.  The  American  National  Standards  Institute 
(ANSI)  has  established,  m  its  Standard  B15.1,  a  Safety  Code  for 
Mdbhanical  Power  Transmission  Apparatus. 

There  are  four  basic  types  of  guards  which  protect  the  worker 
from  the  motion  of  a  machine: 

« 

1.  fixed  enclosure 

2.  interlocking 

3.  automatic 

4.  remote  control,  placement,  feeding  and  ejecting* 

The  fixed  enclosure  guard  is  preferable  to  all  other  types  and 
should  be  used  in  every  practicable  case.  It  prevents  access  to 
dangerous  parts  at  all  times  by  enclosing  the  hazardous  opera- 
tion completely.  It  also  confines  flying  objects. 

s 

Fixed  guards  may  adjust  to  different  sets  of  tools  and  dies  and  to 
various  kinds  of  work.  Once  adjusted,  they  should  not  be  moved 
or  detached. 

Fixed  guards  may  be  installed  at  the  point  where  material  is  being 
processed  and  at  other  places  where  there  may  be  a  hazard  when 
inserting  or  manipulating  stock.  They  also  may  be  used  to  prevent 
contact  with  rotating  or  reciprocating  motions  of  machine  mem- 


id 
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bers.  Fixpd  enclosure  guards  are  found  on  such  machines  as  power 
presses,  drills  and  milling  machines. 

When  a  fixed  ehclosure  guard  cannot  be  used,  an  interlocking 
guard  should  be  fitted  onto  the  machine  as  the  first  alternative* 
The  interlocking  guard  prevents  operation  of  the^  control  that 
sets  the  machine  in  motion  until  the  guard  is  moved  into  position 
so  that  the  operator  is  unable  to  reach  the  point  of  danger.  When 
the  guard  is  open  and  dangerous  parts  are  accessible,  the  starting 
mechanism  is  lacked.  A  looking  pin  or  some  other  safety  device 
prevents  the  main  shaft  from  turning  or,  other  basic  mechanisms 
froih  operating.  When  the  machine  is  in  motion,  the  guard  cannot 
be  opened.  It  stays  closed  until  the  machine  has  come  to  rest  or 
has  reached  a  fixed  point  in  its  travel. 

An  interlocked  press  barrier  guard  is  required  on  mechanical 
power  presses.  It  must  be  interlocked  with  a  press  clutch  control 
so  that  the  clutch  cannot  be  activated  unless  the  guard  (or  tlie 
hinged  or  movable  sections  of  the  guard)  is  in  the  proper  position. 

An  interlocking  enclosure  guard  must  do  four  things: 

1.  guard  the  (dangerous  point  before  the  machine  can  be 
operated 

2.  stay  closed  untiLthe  dangerous  part  is  at  rest 

3.  prevent  operation  of  a  machine  if  the  interlocking  device 
,'ails  ' 

4.  require  the  activation  of  a  reset  device  to  restart. 

When  gate  guards  or  hinged  enclosure  guards  are  used  with  inter- 
locks, they  should  be  so  designed  that  they  enclose  completely 
the  point  of  operation  before  the  operating  plutch  can  be  engaged. 

When  neither  a  fixed  barrier  nor  an  interlocking  guard  is  practi- 
cable, an  automatic  protection  device  may  be  used.  Such  a  device 
is  less  desirable  than  the  two  previously  djscussed. 

r 

An  automatic  guard  acts  independently  of  the  operator,  repeat- 
ing its  cycle  as  long  as  the  machine  is  in  motion.  The  device  is 
usually  operated  by  the  machine  itself  through  a  system  of  link-' 
age,  through  levers  or  by  electronic  means.  Such  a  device  must 
prevent  the  operator  from  coming  in  contact  with  the  dangerous 


Interlocking  Guard 


Example 


Requirements  for  Interlocking 
Guards 


Automatic  Guard 
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Example 


Application  of  Guards 


Remote  Control,  Placement, 
Feeding,  Ejecting 


part  of  a  moving  machine  or  milst  be  able-  to  stop  the  machine 
quickly  in  case  of  danger. 

Sweep  devices  are  no  longer  approved  by  OSHA  for  safeguarding 
at  the  point  of  operation.  Pull-away  or  hand-restraint  types 
remove  the  operator's  hands  or  fingers  from  the  danger  zone  as  the 
ram,  plunger  or  slide  closes  on  the  piece  upon  which  the  work  is 
being  done.  Hiese  types  are  being  phased  out  and  replaced  with 
automatic  electrical  devices. 

All  electrical  and  electronic  devices  perform  the  same  end  func- 
tion when  energized.  They  interrupt  the  electric  current  just  as 
if  the  **siop"  button  had  been  pushed. 

A  jointer  must  have  an  automatic  guard  to  cover  the  section  of  the 
head  on  the  working  side  of  the  fence  or  gauge.ThiS' guard  auto- 
matically adjusts  itself  to  cover  the  unu$ed  portion  of  the  head. 

All  three  of  these  devices— fixed  enclosure,  interlocking  and  auto- 
matic—can be  used  to  guard  points  of  operation.  Only  the  fixed 
guard  can  guard  power  transmission  components. 

Although  they  are  not  guards  in  the  technical  sense,  certain 
methods  can  be  used  to  accomplish  the  same  effect;  that  is,  to 
protect  the  operator  from  the  hazardous  point  of  operation.  These 
methods  may  complement  one  of  the  other  types  of  guards. 

One  example  is  a  trip  or  control  system  whith  requires  two  hands 
to  activate  the  machine.  Such  devices  require  simultaneous  action 
of  both  the  operator's  hands  on  an  electrical  switch  button,  an  air 
control  valve  or  ^  mechanical  lever.  Because  the  operator  must 
use  both  hands  to  give  concurrent  pressure,  during  the  most  haz- 
ardous part  of  the  machine's  operation,  he  cannot  move  his  hands 
from  the  controls  to  the  danger  zone  until  the  cycle  has  been 
completed.  Removal  of  a  hand  from  the  control  causes  the  ma- 
chine to  stop. 

Stock  may  be  fed  automatically  or  semi-automatically  by  rolls, 
plungers,  chutes,  slide  and  dial  feeds  and  revolving  and  progressive 
dies  in  conjunction  with  ram  enclosures.  This  method  will  not 
admit  any  part  of  the  body  to  the  danger  zone.  ' 

Special  jigs  or  feeding  and  holding  devices  (e.g.,  pickers,  grab  bars, 
push  sticks,  long-handled  tongs,  hand  die  holders)  may  be  used  to 
;nanipulate  stock  at  the  point  of  op^ation  and  yet  keep  hands 
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safe.  Such  hand  tools  for  placing  or  removing  material  are  to  be 
used  in  conjunction* with  fixed  enclosure,  interlocking  or  auto- 
matic guards. 

Mechanical  or, air-operated  ejecting  mechanisms  may  be  used  to 
remove  parts,  eliminating  the  need  to  place  hands  in  the  danger 
zone.  . 

The  theory  behind  these  methods  is  tliat,  if  it  is  impossible  to 
completely  enclose  or  isolate  the  hazard,  the  next  most  effective 
device  or  combination  of  devices  should  be  used  to  keep  exposure 
to  a  minimum. 

Important  considerations  in  selectuj|  a  method  of  machine  guard- 
ing include:  '  ^ 

•  the  type  of  operation 

•  the  size  or  shape  of  stock 

•  the  method  of  handling 

•  the  physical  layout 

•  the  type  of  material 

•  the  job  requirements  or  limitations. 

Some  machines  require  specific  methods  of  guarding.  These 
machines  and  methods  will  be  discussed  later  in  this  unit.  But  all 
machines  are  regulated  by  the  general  requirement  that  points  of 
operation  and  power  transmission  must  be  guarded.  Federal 
regulations  further  mandate  (29  CFR  1910.212): 

^  One  or  more  methods  of  machine  yarding  shall  be 
provided  to  protect  the  operator  and  other  employees 
in  the  machine  area  from  hazards  such  as  tho^  created 
by  potnt  of  operation,  ingoing  nip  points,  rotating  parts, 
flying  chips  and  sparks. 

Chain  drives,  shafting,  coupling,  keys,  collars  and  clutches  located 
seven  feet  or- less  above  the  ground,  floor  or  working  platform 
mustl)e  guarded  to  prevent  accidental  contact.  V-belts  and  chain 
drives  must  be  enclosed  completely. 
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SOME  GUARD 
REQUIREMENTS 


Prot^^'^t  Operator 
Protect  Others 


Be  a  Permanent  Part  of 
the  Machine  < 


Be  Convenient 


Prevent  Access  to  Danger 
.Zone  ^ 

Allow  Access  for  Servicing 


Be  Durable 


Good  engineering  principles  should  be  applied  to  the  design  and 
construction  of  each  machine  in  order  to  eliminate  hazards  and  to 
permit  safe  and  efficient  operation.  When  it  is  not  possible  to 
design  hazards  out  of  machinery,  then  suitable  safeguards  should 
be  provided.  ^ 

What  are  the  requirements  for  an  acceptable  guard? 


1. 


It  should  give  maximum  protection  to  the  operator. 


2.  It  should  protect  others  working  close  to  or  passing  by  the 
machine  from -coming  in  contact  with  moving  parts. 

3.  It  should  be  considered  a  permanent  part  of  the  machine 
or  equigrjiantr'OSHA-,  regulations  (29  CFR  1910.212) 
reqtifff*  that  guards  be  affixed  to  the  machine  where 
possible.  The  guard  should  resist  tampering  or  easy  re- 
moval. It  should  be  designed  for  the  specific  job  and  the 

.   specific  machine,  and  its  purpose  aiii^use  should  be 
evident,  even  to  an  uninformed  student. 

4.  It  should  be  convenient.  It  should  not  i.iterfere  with  the 
efficient  operation  of  the  machine,  nor  should  it  require 
Continual  adjustment  or  removal  to  accomplish  certain 
work  tasks.  It  should  cause  the  operato"  no  discomfort  but 
should  enable  him  to  work  with  less  tension.  ' 

5.  It  should  prevent  2<:cess  to  the  danger  zone  during  opera- 
tion. 

6.  It  should  allow  access  to  the  machine  for  servicing.  Pro- 
visions should  be  made  for  inspecting,  .adjusting  and  mak- 
ing repairs  on  machine  parts  enclosed  by  guards  without 
exposing  the  worker  to  moving  parts.  Lubrication  of  the 
machine  should  ndt  require  removal  of  the  guard.  When- 
ever possible,  oil  reservoirs  should  be  located  outside  the 
guard,  with  the  oU  line  leading  to  the  point  of  lubrication. 

7.  It  should  be  durable.  It  should  be  constructed  of  ma- 
terials at  least  as  durable  as  those  used  in  any  other  part  of 
the  machine  and  should  serve  over  a  long  period  with^ 
minimum  maintenance.  It  should  resist  normal  wear  and 
shock.  The  guard  should  be  secured  so  that  a  blow  to  or 
vibration  of  the  machine  will  not  cause  it  to  work  loose, 
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break  op  fall  into  or  off  the  area  being  guarded.  It  fAould 
resist  fire  and  corrosion. 


8.  It  should  be  e^  to  repair. 


•  9.  It  must  '^not  offer  an  accident  hazard  in  itself"  (OSHA 
29  CFR  1910.212).  All  edges  should  he  rolled  and  bolted 
to  eliminate  sharp  or  rough  edges  and  corners.  There 
should  be  no  shear  or  pinch  points,  splinters,  exposed  bolts 
X  or  other  possible  sources  of  injury. 

10.  It  must  conform  to  the  reguirements  of  OSHA  and/or  the 
state  inspection  department  having  jurisdiction.  Purchasing 
agents  should  be  advised  against  "pre-OSHA"  bargains, 
which  eventually  will  cost  more  to  rectify  than  the  savings 
realized  at  the  time  of  purchase.  Where  American  National 
Standards  apply,  the  guard  should  conform  to  or  exceed 
these  requirements. 

There  may  be  special  situations  in  the  industrial/vocational  educa- 
tion shop  whe^e  guards  need  to  be  mado  locally.  It  is  essential  that 
such  guards  meet  the  preceding  requirements. 

^Many  schools,  particularly  older  ones,  may  be  using  an  old^r 
machine  which,  though  still  serviceable,  is  not  adequately  guarded 
and  for  which  guards  cannot  be  purchased  because  of  the  ma- 
chine's age.  Often  thecbst  of  newer,  more  modern,  giiard-equipped 
machines  is  prohibitive.  It  then  becomes  necessary  for  guards  to 
be  designed  and  built  locally. 

Some  machines  are  of  a  standard  type  that  has  been  converted  or 
equipped  £o  perform  a  special  function.  At  the  time  of  purchase, 
the  machine  may  or  may  not  have  been  equipped  with  guards. 
However,  because  of  its  specialized  nature,  the  machine  cannot 
carry  a  standard  guard.  Therefore,  guards  must  be  designed  and 
built  locally  to  provide  adequate  protection  for  the  machine 
operators. 

Thus  far  in  this  unit  we  have  examined  what  mechanical  motions 
need  to  be  guards where  guarding  is  necessary  and  types  and 
characteristics  of  good  guards.  Now  we  will  examine  the  guarding 
requurements  of  specific  machinery  found  in  industrial/vocational 
education  shops. 

Throughout  our  discussion  we  will  refer  to  the  relevant  OSHA 
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Woodworking  Standards 


SAWS 


Circular  Saws 


standards.  OSHA  has  granted  many  states  the  right  to  develop  and 
enforce  their  own  occupational  safety  and  health  stand^ds  under 
their  own  state  plans.  The'basic  criterion  for  approving  such  plans 
is  that  ihey  be  "at  least  as  effective  as"  the  federal  program. 
Because  all  approved  state  plans  equal  or  surpass  OSHA  regula- 
tions in  stringency,  these  regulations  are  cited  as  minimal  stand- 
ards. School  districts  and  corporations  must  comply  with  the 
safety  and  health  regulations  of  their  own  state  pbns.  In  states 
which  have  not  adopted  plans  of  their  own,  federal  OSHA  regula- 
tions provide  guidance  for  the  industrial/vocational  education 
supervisor  or  instructor  who  wants  to  create  a  safe  shop  environ- 
ment for  himself  and  his  students. 

We  will  begin  our.examination  of  guarding  requirements  with  the 
equipment  found  in  woodworking  shops.  A  useful  source  for  the 
instructor  and  supervisor  is  ANSI  01.1-1971,  American  National 
Standard  Safety  Requirements  for  Wo  Iworking  Machinery. 

Saws  can  be  divided  into  many  different  categories,  and  termi- 
nology may  vary  from  one  shop  to  another.  For  our  discussion,  we 
will  divide  saws  into  two  broad  classes,  circular  and  handsaws. 

The  circular,  or  table,  saw  is  one  of  the  most  versatile  ipachines 
in  the  industrial/vocational  education  shop.  It  uses  many  special 
types  of  blades  for  its  operations.  The  most  common  are: 

1.  the  ripsaw  blade  with  teeth  filed  straight  across,  used  to 
cut  with 'the  grain  of  the  wood 

2.  the  crosscut  or  cut-off  saw  blade,  used  to  cut  across  the 
grain.  The  teeth  are  beveled  and  set,  or  bent,  alternately 
right  and  left;  that  is,  one  tooth  is  bent  to  the  right,  the 
next  to  the  left  and  so  on. 

3.  the  combination  saw  blade,  used  to  crosscut,  rip  and  miter. 
The  smaller  crosscut  teeth  are  filed  and  set  as  they  are  on 
the  crosscut  saw;  the  largert^rake  or  rip  teeth  are  filed 
straight  across. 
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In  our  discussion  we  will  look  first  at  hand-fed  saws  and  self-fped 
saws.  Then  we  will  examine  special  kinds  of  circular  saws,  swing 
cutoff  and  radial  saws.  We  will  examine  first  the  hand-fed  sav/s: 
what  they  are,  what  hazards  they  present,  what  OSHA  guarding 
regulations  are  required  and  what  other  guarding  measures  will 
ensure  their  safe  use. 

.The  circular  hand-fed  saw  can  be  either  a  jripsaw,  a  crosscut  saw 
or  a  combination  saw  (see  Figure  43,  which  Olustrates  a  ripsaw 
being  used  for  a  crosscut  operation).  With  this  kind  of  power.table 
saw,  the  ope\::tor  first  adjusts  the  blade  height,  then  holds  the 
stock  and  pushes  it  into  the  blade.  A  guide  is  used  to  maintain  a 
straight  cut.  At  the  end  of  the  cutting  stroke,  the  operator  must 
push  the  stock  past  the  blade,  or  he  must  change^  positions  at  the 
saw  so  that  he  can  pull  the  stock. 


STOCK  GUIDE 


F££0 


START/STOP    PUSH  SUTTON 


Unguarded  circular  saw. 

Reprinted  from  Machine  Guarding-- Assessment  of  Need  (Cincinnati' 
NIOSH.  1975).  p.  23, 

figure  43 

General  hazards  are  inherent  in  the  following:  power  transmission, 
point  of  operation,  kickbacks  and  flying  particles. 

'rhe  saw  may  be  driven  by  an  individual  motor  or  from  a  line 
shaft,  comprising  belts,  gears  and  pulleys.  Though  the  power 
transmission  is  usually  housed  beneath  the  blade  and  enclosed, 
there  are  open  units  which  expose  the  bottom  portion  of  the 
blade. 

Accidental  contact  with  the  saw  blade  by  the  operator  or  others 
is  possible,  particularly  because  the  operator  is  working  very  close 
to  the  point  of  operation. 


HAND-FED  SAWS 
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Kickbacks 


Flying  Particles 
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Kickbacks  occur  when  the  saw  blade  seizes  the  stock  being  cut  and 
hurls  it  back  toward  the  operator.  Serious  injuries  may  result. 
Kickbacks  can  be  caused  by  unsafe  operating  methods  (e.g., 
height  not  properly  adjusted),  improperly  maintained  equipment 
(e.g.,  blade  not  properly  sharpened)  or  by  lack  of  proper  physical 
safeguards.  Ripping  operations  are  more  hazardous  than  cross- 
cutting  because  of  the  greater  likelihood  of  kickbacks. 

Sawdust,  splinters  and  chips  are  thrown  off  as  a  tesult  of  the 
cutting  action  of  the  blade  and  can  come  in  contact  with  the 
operator  or^others. 

OSHA  regulations  (29  CFR  1910:213)  mandate  the  machine 
guarding  requirements.  They  state^  that  each  circular  hand-fed 
ripsaw  and  each  circular  table  saw 

.  .  .  shall  be  guarded  by  a  hood  which  shall  completely 
enclose  that  portion  of  the  saw  above,  the  table  and  that 
portion  of  the  saw  above  the  material  being  cut.  The 
hood  and  mounting  shall  be  arranged  so  that  the  hood 
will  automatically  adjust  itself  to  the  thickness  of,  and 
remain  in  contact  with,  the  material  being  cut  .  .  .  The 
hood  shall  be  of  adequate  strength  to  resist  blows  and 
strains  incidental  to  reasonable  operation,  adjusting  and 
handling  and  shall  be  so  designed  as  to  protect  the 
operator  from  flying  splinters  and  broken  saw  teeth.  . . . 
The  hood  shall  bt  so  mounted  as  to  insure  that  its  opera- 
tion will  be  positive,  reliable  and  in  true  alignment 
with  the  saw;  and  the  mounting  shall  be  adequate  in 
strength  to  resist  any  reasonable  side  thrust  or  other 
force  tending  to  throw  it  out  of  line. 

In  order  to  use  the  hood  guard  effectively  when  cutting  narrow 
strips  on  circular  ripsaws,  a  filler  piece  should  be  used.  This  piece 


Reprinted  from  Occupational  Safety  and  Health  in 
Vocational  Education  (Cincinnati:  NIO?H,  1979), 
p.  122. 
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should  be  made  of  wood  about  two  inches  wide  and  should  be 
about  3/4  inch  thick,  or  slightly  thinner  than  the  thickness  of  the 
material  being  cut.  It  should  be  provided  with  cleats  or  brackets 
at  the  ends,  so  that  it  either  will  fit  down  over  the  front  and  back 
ends  of  the  table  or  can  be  quickly  attached  to  the  fence  or  gauge. 

The  same  statute  mentioned  earlier  deals  with  the  hazards  of 
flying  particles  by  requiring  a  spreader. 

The  statute  requires  that  each  circular  hand-fed -ripsaw  and  each 
circular  crosscut  table  saw 

.  .  .  shall  be  furnished  with  a  spreader  to  prevent  material 
from  squeezing  the  saw  or  being  thrown  back  on  the 
operator.  The  spreader  shall  be  made  of  hard-tempered 
steel,  or  its  equivalent,  and  shall  be  thinner  than  the  saw 
kerf.  It  shall  be  of  sufficient  width  to  provide  adequate 
stiffness  or  rigidity  to  resist  any  reasonable  side  thrust 
or  blow  tending  to  bend  or  throw  it  out  of  position. 
The  spreader  shall  'be  so  attached  that  it  will  remain  in 
true  alignment  with  the  saw,  even  when  either  the  saw 
or  the  table  is  tilted,  and  should  be  placed  so  that  there 
is  not  more  than  1/2-inch  space  between  the  spreader  and 
the  back  of  the  saw  when  the  largest  saw  is  mounted  in 
the  machine. 

Kickbacks  on  ripsaws  are  usually  caused  by  one  of  the  following: 

1.  failure  to  provide  the  required  spreader 

2.  an  improperly  conditioned  saw  which  allows  material  to 
pinch  on  the  saw  and  rise  from  the  table 

3.  improperly  aligned  gauge  or  rip  fence 

4.  improperly  conditioned  or  twisted  grain  lumber 

5.  improperly  designed  or  mounted  antikickback  devices.^ 

OSHA  regulations  require  guards  on  ripsaws  to  protect  against 
both  kickbacks  and  flying  material.  They  require: 

Each  hand-fed  circu^  ripsaw  shall  be  pro\ided  with 
nonkickback  fingers  so  located  as  to  oppose  the  thrust 
or  tendency  of  the  saw  to  pick  up  the  material  or  to 
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kick  it  back  toward  the  operator.  They  shall  be  designed 
to  provide  adequate  holding  power  for  all  the  thicknesses 
of  materials  being  cut 

Operators  should  be  required  to  use  proper  protective  equipment, 
such  as  goggles  and/or  face  shield  each  time  the  saw  is  operated. 
Where  there  is  a  danger  of  kickback  from  any  operation,  anti- 
kickback  aprons  must  be  provided  and  worn. 

Long  sleeves  or  other  loose  clothing  should  not  be  worn,  nor 
should  rings,  bracelets  or  other  jewelry.  Long  hair  should  be  con- 
fined by  hair  nets  or  caps. 

If  saw  parts  are  driven  by  belts  that  are  exposed,  belts  and  pulleys 
should  be  completely  enclosed  by  sheet  metal  or  heavy  mesh 
guards,  even  though  the  saw  may  be  partially  fenced  off  or  paj^- 
tially  removed  from  other  machines. 

Operating  controls  should  be  recessed  or  shrouded;  in  addition, 
an  emei^ency  stop  button  is  recommended.  A  main  power  elec- 
trical disconnect  switch  is  required. 

A  push  stick  must  be  provided  so  that  the  operator  will  not  use 
his  hand  to  feed  stock  past  the  blade.  This  is  especially  important 
when  cutting  short  or  narrow  stock. 

For  safety  reasons,  a  crosscut  saw  should  not  be  used  for  ripping 
nor  a  ripsaw  for  crosscutting.  Using  the  wrong  saw  makes  the  work 
harder  and  requires  additional  force  to  feed  the  stock.  Work  that 
can  be  done  on  self -feed  machines  should  not  be  done  on  hand-fed 
machines. 

Long  stock  should  not  be  crosscut.  If  the  stock  extends  beyond 
one  or  both  ends  of  the  table,  it  may  interfere  with  other  opera- 
tions or  strike  persons  in  the  shop.  A  swing  or  pull  saw  should 
be  used  on  such  stock. 

The  self-feed  (or  power-feed)  saw  is  equipped  with  rollers  or  a 
conveyor  system  to  hold  the  lumber  and  force-feed  it  into  the 
saw  blade  (see  Figure  44). 

The  hazards  are  identical  with  those  of  hand-fed  saws.  There  is  an 
additional  point  of  operation  hazard.  Not  only  can  the  operator 
accidentally  come  in  contact  with  the  saw  blade,  bufalso  there  is 
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the  danger  of  being  pinched  between  the  stock  and  the  in-running 
rolls. 


RIP  SAW 


Reprinted  from  Basic  Principles  of /[Machinery  Safeguard- 
ing, U.S.  Department  of  Labor,  Bulletin  276  (1965), 
p.  18 

Figure  44 

OSHA  requires  a  hood  or  guard  to  protect  against  this  hazard: 

Feed  rolls  and  saws  shall  be  protected  by  a  hood  or 
guard  to  prevent  the  hands  of  the  operator  from  coming 
in  contact  with  the  in-running  rolls  at  any  point.  The 
guard  shall  be  constructed  of  heavy  material,  preferably 
metal,  and  the  bottom  of  the  guard  shall  come  down  to 
within  3/8  inch  of  the  plane  formed  by  the  bottom  or 
working  surfaces  of  the  feed  rolls.  This  distance  (3/8  inch) 
may  be  increased  to  3/4  inch,  provided  the  lead  edge  of 
the  hood  is  extended  to  be  not  less  than  ?  1/2  inches  in 
front  of  the  nip  point  between  the  front  roll  and  the 
work. 

Feed  rblls  should  be  adjusted  to  the  thickness  of  the  stock  being 
ripped.  Insufficient  pressure  on  the  stock  can  contribute  to 
kickbacks.  The  antikickback  fingers  required  by  OSHA  should  be 
checked  regularly  to  make  sure  that  they  are  sharp  and  that 
none  of  the  fingers  is  bent.  OSHA  requires: 


Each  self-feed  circular  ripsaw  shall  be  provided  with 
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sectional  kickback  fingers  for  the  full  width  of  the  feed 
rolls.  They  shall  be  located  in  front  of  the  saw  and  so 
arranged  as  to  be  in  continual  contact  with  the  wood 
being  fed. 

The  personal  protective  equipment  requirements  are  the^same  as 
for  hand-fed  saws. 

Because  lon|  stock  is  often  ripped  on  self-feed  ripsaws,  the  clear- 
ance at  each  working  end  of  the  saw  table  should  be  at  least  three 
feet  longer  than  the  longest  material  handled. 

Emergency  stop  buttons  should  be  provided,  one  for  the  operator 
and  one  for  the  off  bearer. 

Swing  and  sliding  cutoff  saws  are  used  for  crosscutting  operations. 
The  swing  saw,  which  is  more  common,  is  suspended  from  the 
roof  or  overhead.  The  operator  pulls  it  forward  like  a  pendulum 
(see  Figure  45). 


Reprinted  from  Occupational  Safety  and  Health  In 
Vocational  Education  (Cincinnati:  NIOSH,  1979), 
p.  126. 

Figure  45 

Hazards  may  be  inherent  in  the  power  transmission  and  in 
point  of  operation. 

This  type  of  saw  generally  is  driven  by  an  individual  motor  with 
the  saw  attached  directly  to  the  motor  shaft.  It  also  may  be  driven 
with  an  individual  motor  by  belt  and  pulleys. 
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Accidents  occur  at  the  point  of  operation  when: 


1.  the  operator,  while  pulling  the  saw  forward,  accidentally 
comes  in  contact  with  the  saw  blade 

2.  the  operator  reaches  for  sawed  stock  while  the  machine 
coasts  or  idles/  before  the  saw  returns  to  normal  '*rest" 
position 

3.  an  improperly  adjusted  saw  swings  beyond  its  safe  limits 
into  the  body  of  the  operator 

4.  the  operator  may  be  struck  by  the  saw  as  it  bounces 
forward  from  the.  idle  position  or  as  it  swings  or  drifts 
forward  when  the  spring  or  counterweight  fails. 

OSHA  regulations  for  swing  cutoff  saws  apply  also  to  sliding 
cutoff  saws  mounted  above  the  table.  Hoods  are  required  in 
29  CFR  1910.213: 

Each  sv-  ^  ^atoff  saw  shall  be  provided  with  a  hood  that 
will  completely  enclose  the  upper  half  of  the  saw,  the 
arbor  end  and  the  point  of  operation  at  all  positions  of 
the  saw.  The  i  ood  shall  be  constructed  in  such  a  manner 
and  of  such  material  that  it  will  protect  the  operator 
from  flying  splinters  and  broken  saw  teeth.  Its  hood 
shall  be  so  designed  that  it  will  automatically  cover  the 
lower  portion  of  the  blade,  so  Hat  when  the  saw  is  re- 
turned to  the  back  of  the  table*  the  hood  will  rise  on  top 
of  the  fence,  and  when  the  saw  is  moved  forward,  the 
hood  will  drop  on  top  of  and  remain  in  contact  with  the 
table  or  material  being  cut. 

At  the  end  of  the  cut,  the  lip  of  the  hood  should  be  in  contact 
with  the  table  surface. 

Special  regulations  apply  to  inverted  swing  cutoff  saws: 

I  ] 

Inverted  swing  cutoff  saws  shall  be  provided  with  a  hood 
that  will  cover  the  part  of  the  saw  that  protrudes  above 
the  top  of  the  table  or  above  the  material  being  cut. 
It  shall  au'tomatically  adjust  itself  to  the  thickness  of  and 
remain  in  contact  with  the  material  being  cut. 

OSHA  also  requires  an  automatic  device  to  return  the  saw  to  the 
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back  of  the  table: 

Each  swing  cutoff  saw  shall  be  provided  with  an  effec- 
tive device  to  return  the  saw  automatically  to  the  back  of 
the  table  when  released  at  any  point  of  its  travel.  Such  a 
device  shall  not  depend  for  its  proper  functioning  upon 
any  rope,  cord  or  spring.  If  there  is  a  counterweight, 
the  bolts  supporting  the  bar  and  counterweight  shall  be 
provided  with  cotter  pins;  and  the  counterweight  shall 
be  prevented  from  dropping  by  either  a  bolt  passing 
through  both  the  bar  and  counterweight,  or  a  bolt  put 
through  the  extreme  end  of  the  bar,  or,  where  the  coun- 
terweight does  not  encircle  the  bar,  a  ^safety  chain  at- 
tached  to  it. 

OSHA  further  requires: 

Limit  chains  or  other  equally  effective  d§vices  shall  be 
provided  to  prevent  the  saw  from  swinging  beyond  the 
front  or  back  edges  of  the  table  or  beyond  a  forward 
position  where  the  gullets  of  the  lowest  saw  teeth  will 
rise  above  the  table  top. 

A  latch  should  be  provided  to  catch  and  retain  the  saw  at  the 
rear  of  the  table  and  to  prevent  it  from  rebounding.  In  some 
cases  a  nonrecoiling  spring  or  bumper  is  adequate. 

I 

Each  swing  and  sliding  cutoff  saw  table  can  be  provided  with  a 
wood  bumper  or  a  pipe  guard  to  prevent  bodily  contact  with  the 
saw  blade  when  it  is  extended  the  full  length  of  the  support  arm. 

While  operating  the  saw,  it  is  important  that  the  operator  stand  to 
the  side  of  the  saw  or  which  the  handle  is  located.  The  operator 
should  use  the  hand  nearest  the  handle.  This  keeps  the  operator's 
body  cat  of  Une  with  the  saw  and  makes  it  unnecessary  to  bring 
the  hands  near  the  saw  whiU;  it  is  cutting. 

Proper  personal  protective  equipment,  such  as  goggles  or  a  face 
shield,  shall  be  worn  by  the  operator. 

If  an  overhead  drive  is  used,  the  entire  drive  hne  should  be  en- 
closed. 

Operating  controls  should  be  recessed  or  shrouded,  and  an  emer- 
gency stop  switch  is  highly  recommended,  A  main  power  elec- 
trical disconnect  is  necessary, 
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An  exhaust  system  is  desirable. 

Radial  saws,  developed  from  the  old  type  of  swing  saw,  are  both 
versatile  and  dangerous.  Th^y  cut  downward  and  pull  the  wood 
away  from  th§  operator  and  against  a  fence  (see  Figure  46). 
Many  adjustments  are  required  to  permit  its  full  use,  and  these 
adjustments  can  create  additional  hazards.  ' 


CUT-OFF  SAW 

Sketch  does ,  not  show  floating  guard. 
Adapted  anc^  reprinted  from  Machine 
Guarding-Assessment  of  Need  (Cincin- 
nati: NIOSH,  1975).  p.  21. 

Figure  46 

The  principal  hazards  are  those  common  to  other  power-driven 
saws:  cutting  injuries  caused  by  the  saw  blade  and  the  injuries 
from  flying  materials  and  kicicbacks. 

OSHA  requires  that  the  upper  half  of  the  saw  be  guarded  and  that 
the  lower  half  have  a  floating  guard: 

The  upper  hood  shall  completely  enclose  the  upper  por- 
tion of  the  blade  down  to  a  point  that  v/ill  include  the 
end  of  the  saw  arbor.  The  upper  hood  shall  be  construc- 
ted in  such  a  man  .er  and  of  such  rpateriai  that  it  will 
protect  the  operator  from  flying  splinters,  broken  saw 
teeth,  etc.,  and  will  deflect  sawdust  away  from  the 
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operator.  The  sides  of  the  lower  exposed  portion  of  the 
blade  shall  be  guarded  to  the  full  diameter  of  tha  blade 
by  device  that  will  automatically  adjust  itself  to  the 
thickness  of  the  stock  and  remain  in  contact  with  stock 
being  cut  to  give  maximum  .protection  possible  for  the 
operation  being  performed. 

OSHA  regulations  further  mandate  that  the  unit  be  installed  so 
that  the  frpnt  end  of  the  unit  is  slightly 'higher  than  the  rear.  This 
will  "cause  the  cutting  head  to  return  gentiy  to  the  starting  posi- 
tion when  released  by  the  operator"  and  prevent  the  cutting  head 
from  creeping  toward  the  operator  during  crosscut  operations. 
Furthermore, 

An  adjustable  stop  shal)  be  provided  to  prevent  the  for- 
ward travel  of  the  blade  boyond  the  position  necessary 
to  complete  the  cut  in  repetitive  operations.  ^ 

When  the  radial  saw  is  used  for  cro^utting,  the  saw  is  pulled 
across  the  cutting  area  by  a  handle  located  on  one  side  of  the  saw. 
For  safe  operations,  the  same  stance  should  be  assumed  as  was 
described  in  handling  the  swing  cutoff  saw. 

When  the  radial  saw  is  used  for  ripping,  special  precautions  are 
necessary.  A  spreader  must  be  provided,  and  OSHA  requires: 

Each  radial  saw  used  for  ripping  shall  be  provided  with 
nonkickback  fingers  or  dogs  located  on  both  sides  of  the 
saw  so^  as  to  oppose  the  thrust  or  tendency  of  the  saw  to 
pick  up  the  material  or  to  throw  it  back  toward  the 
operator.  They  shall  be  designed  to  provide  adequate 
holding  power  for  all  the  thicknesses  of  material  being 
cut. 

Furthermore,  the  direction  of  the  saw  blade' rotation  must  be  up- 
ward toward  the  operator: 

Ripping  and  ploughing  shall  be  against  the  direction  in 
which  the  saw  turns.  The  direction  of  the  saw  rotation 
shall  be  conspicuously  marked  on  the  hood.  In  addition, 
a  permanent  label  not  less  than  M/2  inches  by  3/4  inch 
shall  be  affixed  to  the  rear  of  the  guard  at  approximately 
the  level  of  the  arbor,  reading  as  follows:  ^Danger:  Do 
Not  Rip  or  Plough  from  This  End.'  Such  a  label  should  be 
colored  standard  danger  red. 
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When  using  a  radial  saw,  students  should  wear  safety  glasses  or 
face  shields.  As  with  other  power  saws,  they  should  not  wear 
gloves,  rings,  chains  or  loose  clothing. 

Guarding  for  portable  circular  saws  is  required  by  OSH^  (29 
CFR  1910.243):  . 

All  portable,  power-dr^en  circular  saws  having  a  blade 
diameter  greater  than  two  .nches  shall  be  equipped  with 
guards  above  and  beic^  the  base! plate  or  shoe.  The 
upper  guard  sh^all  cover  the  saw  to^the  depth  of  the  teeth, 
except  for  the  minimum  arc  required  to  permit  the  base 
to  be  tilted  for  bevel  cuts.  The  lower  guard  shall  cover 
the  saw  to  the  depth  of  the  teeth,  except  for  the  min-, 
imum  arc  required  to  allow  proper  retraction  and  contact 
with  the  work.  When  the  tool  is  withdrawn  from  the 
work,  the  lower  guard  shall  automatically  and  instantly 
return  to  covering  position. 

OSHA  also  requires  that  hand-held  powered  circular  saws  be 
equipped  ''with  a  constant  pressure  switch  or  control  that  will 
shut  off  the  power  when  the  pressure  is  released." 

Up  to,  this  point  we  have  been  discussing  kinds  of  circular  saws. 
Now  we  come  to  the  :second  category,  the  handsaw.  This  is  a 
machine  which  can  be  used  for  straight  sawing  as  well  as  for 
cutting  curved  pieces.  It  uses  a  tliin,  flexible,  continuous  steel 
strip  with  cutting  teeth  on  one  edge.  The  blade  runs  on  two  pul- 
leys through  a  work  table,  where  stock  is  fed  into  it  (see  Figure  47). 

OSHA  regulations  require  the  following  safety  devices  for  band- 
saws  and  band  resaws: 

1.  an  enclosure  or  guard  for  all  portions  of  the  saw  blade 
except  for  the  workmg  portion  between  the  bottom  of  the 
guide  rolls  and  the  table 

2.  enclosure  for  wheels 

3.  effective  brakes  to  stop  the  wheel  in  case  of  blade  break- 
age (not  required,  but  highly  recommended) 

* 

4.  a  tensioh  control  device  to  indicate  the  proper  tension  for 
the  standard  saws  used  on. the  machine 
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Band  or  band  resaw  wheels  MUST  be 
complttety  enclosed  and  all  portions  of 
^      the  blade  MUST  be  guarded,  except  that 
portion  between  the  guide  rolls  and 
the  table.  j 

Reprinted  from  Occupational  Safety  and  Health  in  Voca- 
tional Education  (Cincinnati:  NIOSH.  1979).  p.  125. 
Figure  47 

5.  a  guard  on  the  feed  rolls  of  band  resaws,  to  prevent  the 
hands  of  the  operator  from  coming  in  contact  with  the 
in-running  rolls  at  any  point. 

The  American  National  Standards  Safety  Requirements  for 
Woodworking  Machinery  (ANSI  0L14971),.stress  the  importance 
of  proper  tension  for  the  blade.  Improper  tension  results  in  saw 
breakage.  Other  operating  practices  which  this  standard  requires 
or  recommends  include: 

1.  Back  thrust  shall  be  adjusted  to  the  normal  position  of  the 
saw  blade. 

2.  To  secure  satisfactory  operation,  means  should  be  pro- 
vided for  preventing  the  accumulation  of  dust  on  the  rim 
of  the  bandwheels. 

3.  It  is  poor  practice  to  use  a  small  saw  for  large  work  or  to 
force  a  wide  saw  to  cut  on  a  small  radius.  The  saw  blade 
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should  in  all  cases  be  as  large  as  the  nature  of  the  work  will 
permit. 

4.  Saws  should  not  be  stopped  too  quickly,  or  by  thrusting 
a  piece  of  wood  against  the  cuttmg  edge  of  the  teeth  when 
the  power  is  off. 

5.  To  avoid  vibration,  brazed  joints  shall  be  the  same  thick- 
ness as  the  saw  blade. 

6.  Band  saw  blades  s^lall  be  periodically  examined  to  avoid 
use  of  cracked  blades  or  blades  which  indicate  probability 
of  breakage.^ 

Other  safe  w6rk  practices  include:  ^ 

•  .  setting?  the  guard  to  just  clear  the  stock  to  be  cut 

•  if  the  stock  being  cut  binds  the  blade,  shutting  off  the 
machine  and  letting  it  stop  before  backing  the  work  off 
the  blade 

•  making  release  cuts  before  doing  curves 

•  keeping  the  work  area  clean  and  clear  of  scraps 

•  using  a  brush  to  clean  the  saw  table 

•  shutting  off  the  machine  and  getting  clear  of  it  until  it 
stops  in  the  event  of  a  blade  breaking 

•  making  all  cuts  when  the  power  is  on,  never  while  the 
machine  is  coasting  after  power  has  been  turned  off. 

A  jointer  is  an  electric-power  machine  used  for  facing  or  flatten- 
ing wood  by  passing  the  stock  over  a  cylindrical  multiple-kn.^e 
cutter  head.  It  does  the  work  of  a  hand  plane,  and,  when  operated 
by  an  experienced  person,  it  can  do  many  other  jobs. 

There  are  separate  OSHA  regulati..ns  for  hand-fed  jointers  with 
horizontal  cutting  head  and  for  wood  jointers  with  vertical  head. 

For  the  first  category,  the  following  guarding  requirements  appl>. 

Each  hand-fed  planer  and  jointer  with  horizontal  head 


Do  Not  Stop  Saw  Quickly 


Avoid  Vibration  by  Proper 
Thickness  of  Brazed  Joints 

Examine-  Riades  Regularly 


JOINTERS 


Hand-Fed  Jointers  with 
Horizontal  Cutting  Head 
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Reprinted  from  Occupational  Safety  and  Health  in  Voca* 
tional  Education  (Cincinnati:  NlCSH,  1979),  p.  127. 


3  mm. 


64  mm. 
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shall  be  equipped  with  a  cylindrical  cutting  head,  the 
knife  projection  of  which  shall  not  exceed  one-eighth 
inch  beyond  the  cylindrical  body  of  the  head.  | 

I 

The  opening  in  the  table  shall  be  kept  as  small  as  possi- 
ble. The  clearance  between  the  edge  of  the  rear  table  and 
the  cutter  head  shall  be  not  more  than  one-eighth  inch. 
The  table  throat  opening  shall  be  not  more  than  2-1/2 
inches  when  tables  are  set  or  aligned  with  each  other  for 
zero  cut. 

The  opening  between  the  table  and  the  head  should  be  just  l^rge 
enough  to  clear  the  knife.  Deeper  cuts  should  be  avoided.  Not 
only  do  they  require  a  larger  table  opening,  but  such  cuts  also 
create  kickback  hazards. 

The  regulatioii'Continues: 

Each  hand-fed  jointer  with  a  horizontal  cutting  head 
shall  have  an  automatic  guard  which  will  cover  all  the 
section  of  the  head  on  the  working  side  of  the  fence  or 
gauge.  The  guard  shall  effectively  keep  the  operator's 
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hand  from  coming  in  contact  with  the  revolving  knives. 
The  guard  shall  automatically  adjust  itself  to  cover  the 
unused  portion  of  the  head  and  shall  remain  in  contact 
with  the  material  at  all  times. 

Each  hand-fed  jointer  with  horizontal  cutting  head  shall 
have  a  guard  which  will  cover  the  section  of  the  head 
back  of  the  gauge  or  fence. 

Wood  jointers  with  vertical  heads  must  h^ve  Wood  Jointers  with  Vertical 

Heads 

.  .  .  either  an  exhaust  hood  or  othei*  guard  so  arranged  as 
to  enclose  completely  the  revolving  head,  except  for  a 
slot  of  such  width  as  may  be  necessary  and  convenient 
for  the  application  of  the  material  to  be  jointed. 

Jointers  are  second  only  to  circular  saws  as  the  most  dangerous    Safe  Operation 

woodworking  machines.  Since  jointers  are  used  primarily  Li  the 

jointing  of  small  pieces  of  material,  many  serious  accidents  are 

frequently  caused  when  jigs  or  similar  holding  devices  are  not 

used  when  working  vv^th  small  size  blades.  The  minimum  length  of 

the  piece  jointed  should  be  not  less  than  four  times  the  width  of 

the  bed  opening. 

Push  sticks  or  blocks  must  be  provided  in  the  sizes  and  types    Push  Sticks 
suitable  to  the  work  being  done.  Use  of  push  sticks  prevents 
stock  from  tipping  and  also  guards  operators' fingers  from  coming  . 
in  contact  with  knives. 

Knives  on  jointers  should  be  checked  often  for  proper  setting  or  Knives 
adjustment,  but  knives  or  fence  guardis  should  never  be  adjusted 
unless  the  machine  has  come  to  a  complete  stop  and  the  power 
has  been  turned  off.  Knives  must  be  kept  sharp. 

Since  a  considerable  amount  of  dust  and  chips  is  generated  during    Personal  Protective  Equipment 

the  operation,  the  worker  should  be  provided  with  proper  and 

adequate  personal  protective  equipment.  A  brush  should  be  used  Housekeeping 

to  remove  chips  and  dust  from  around  knives  or  the  area  of  the 

cutting  head.  Floors  and  the  area  around  jointers  should  be  kept 

free  of  debris  which  could  cause  stumbling  or  slipping. 

An  automatic  feed  device  can  be  mounted  above  the  stock.    Automatic  Feed  Device 

eliminating  the  need  for  the  operator's  hands  to  be  near  the  cutter 

head. 
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Operating  Controls 

Exhaust  System 
Appropriate  Clothing 

Guard  Inspection 
SHAPERS 


Point  of  Operation  Hazard 


Point  of  Operation  Guards 


Operating  controls  should  be  recessed  or  shrouded.  An  emergency 
stop  switch  and  a  main  power  electrical  disconnect  are  essential. 

An  exhaust  system  is  desirable. 

Neither  gloves  n^r  \otse  clothing  should  be  worn  by  the  operator 
or  others  working  afoui  d  jointers. 

Guards  should  be  inspected  frequently.  Operators  must  never 
make  a  guard  inoperative  for  any  purpose. 

The  shaper  (see  Figure  48)  is  a  woodworking  machine  with  a 
variety  of  uses.  Its  most  common  use  is  shaping  the  edges  of 
stock  by  placing  the  material  in  contact  with  a  vertical  cutter 
mounted  on  a  spindle.  The  spindle  rotates  at  high  speed,  from 
7,000  to  10,000  RPM.  There  are  also  double-spindle  machines. 

CICLOSEO 


OmOMAL 

Reprmted  from  Machine  Guarding- Assessment 
of  Need  (Cincinnati:  NIOSH,  1975),  p.  25, 

Figure  48 

The  shaper  is  one  of  the  most  difficult  of  all  woodworking  ma- 
chines to  guard  effectively.  Because  of  the  designed  use  of  thi.s 
machine,  guarding  at  the  point  of  operation  is  difficult.  Guards 
can  be  designed  to  be  used  when  the  machine  is  not  being  oper- 
ated, but  ^hey  are  usually  removed  during  opeiation  to  allow  full 
manipulation  of  the  stock.  A  self-adjusting  guard  that  will  mini- 
mize cutter  exposure  is  necessary. 

For  each  wood  shaper  which  is  not  automatically  fed,  OSHA 
requires  that  the  cutting  head 

,  .    shall  be  enclosed  with  a  cage  or  adjustable  guard  so 
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designed  as  to  keep  the  operator's  hands  away  from  the 
cutting  edge.  The  diameter  of  circular  shaper  guards  shall 
be  not  less  than  the  greatest  diameter  of  the  cutter.  In  no 
case  shall  a  warning  device  made  of  leather  or  other 
material  attached  to  the  spindle  be  acceptable. 

The  following  illustration  shows  ring  guards  which  cover  the  top 
of  the  spindle  and  knives  and  which  surround  the  knives  just 
enough  to  clear  the  stock. 


moo  mPBR 


Reprinted  from  Basic  Principles  of  Machinery 
Safeguarding,  U.S.  Department  of  Labor, 
Bulletin  ?76  (1965),  p.  30. 

Knives  on  shapers  should  be  made  from  the  best  shaper  steel 
available.  Knives  should  be  sharpened  and  kept  in  adjustment  by 
qualified  personnel.  Both  knife  blades  and  collars  ^or  shaper 
heads  should  be  precision  ground  so  as  to  give  uniform  pressure  on 


Knife  Construction 
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Power  Transmission  Guards 


Exhaust  System 


Personal  Protective  Equipment 


Safe  Operation 


all  knife  blades  and  keep  them  from  flying  out  while  the  machine 
is  in  motion.  Knives  should  be  balanced  and  should  fit  properly. 
The  operator  should  be  alert  for  chatter,  which  indicates  that  the 
knives  are  out  of  balance.  Materials  sl.ould  always  be  fed  into 
knives  gradually,  and  at  no  time  should  cuts  be  heavy.'. 

The  American  National  Standard  Safety  Requirements  for  Wood- 
working Machinery  (ANSI  01.1'1971)  recommends  that  collars 
be  provided  with  "stop-pins"  an^i  that  knife  blades  have  a  recess 
cut  in  thf  m  for  the  pin.  (Serrated  coUarsand  knives  are  an  accept- 
able altemati/e.)  This  added  precaution  keeps  blades  from  flying 
out. 

Severe  accidents  are  caused  when  broken  knives  are  thrown  by 
the  machine.  When  a  shaper  knife  breaks  or  is  thrown  from  the 
collar,  the  other  knife  is  usually  thrown  too,  with  the  result  that 
four  or  five  heavy  pieces  of  steel  are  thrown  about  the  shop  with 
sufficient  speed  tu  cause  serious  injury  and  even  death. 

Solid  cutters  which  fit  over  the  spindle  are  pref^ed  to  knives, 
which  can  be  broken  or  thrown.  The  initial  cost  is  greater  for 
cutters  than  for  knives,  but  in  the  long-run  cutters  are  less  ex- 
pensive. In  all  cases  they  are  safer. 

All  belts,  pulleys  and  drives  should  be  completely  enclosed  by 
metal  or  mesh  guards. 

Exhausts  with  adjustable  hoods  are  considered  a  necessity.  They 
help  keep  chips  and  dust  from  accumulating  near  cutter  heads, 
reducing  the  need  for  manual  cleaning  of  heads  and  sunounding 
floor  area.  : 

The  operator  should  be  provided  with  proper  and  adequate 
personal  protective  equipment.  Safety  goggles  are  important, 
as  are  aprons  made  of  metal  mesh  or  leather  reinforced  with  metal 
.studs. 

A  brush  instead  of  the  hands  should  be  used  to  clean  chips  an^ 
dust  from  around  knives  and  cutting  areas. 

Templates,  jigs  and  fixtures  which  will  remove  the  operators' 
hands  from  the  point  of  operation  should  be  used  wherever  possi- 
ble. All  clamping  devices  must  be  in  good  condition.  The  stock 
side  of  the  devic*  should  be  abrasive-lined  for  better  grip. 
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OSHA  recommends  that  cylindrical  heads  be  used  wherever  the 
nature  of  the  work  permits. 

There  should  be  some  type  of  braking  device  to  stop  the  spindle 
after  the  power  is  shut  off.  OSHA  requires  that  "all  double-spindle 
shapers  shall  be  provided  with  a  spindle  starting  and  stopping 

device  Tor  each  spindle.'*     i  \ 

\ 

Spindle  tops  should  be  detachable,  self-centering  and  interchange- 
able. The  spindle  adjustment  mechanisms  should  be  kept  in  good 
operating  condition.  The  hand  wheel  for  spindle  control  should 
have  a  graduated  setting,  operate  easily  and  be  within  convenient 
reach  of  the  operator. 

Wh'^n  feeding  the  shaper,  the  operator  must  remember  that  the 
direction  of  thexut  must  be  made  in  the  direction  opposite  to  the 
rotation  of  the  cutting  head. 

A  wood  planer,  also  called  a  thickness-planer  or  sufacer,  is  a  wood- 
working machine  designed  to  dress  and  size  rough  sawed  lumber 
on  one  or  more  sides.  It  planes  boards  to  an  even  thickness. 
Stock  passes  under  or  between  cylindrical,  multiple-knifed  cutter 
heads  (see  Figure  49). 


moo  PLANBR 

// 


Reprinted  Uom^BasIc  Principles  of  Machinery 
Safeguarding,  U.S.  Department  of  Labor, 
Bulletin  276(1S65),  p.  22, 

Figure  49 
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These  surfacing  machines  are  less  hazardous  than  jointers  and 
shapers  because  they  are  powerfed  and  the  operator's  hands  need 
not  come  close  to  the  cutting  head.  The  planer  operator  simply 
has  to  adjust  for  cut  and  then  feed  the  stock  into  the.infeed  side 
of  the  machine.  He  then  retrieves  the  surfaced  board  from  the. 
outrunning  end. 

i^echanical  and  Operational 
Hazards  and  Controls 

Hazards  may  be  inherent  in  point  of  operation,  kickbacks,  flying 
particles,  vibration  or  clearances. 

\ 

Power  Transmission 

Planers  are  often  driven  from  a  line  shaft  comprised  of  belts  and 
pulleys  running  on  the  back  side  of  the  planer.  Planer  parts  driven 
by  belts  and  pulleys,  even  though  they  may  be  on  the  back  side  of 
the  planer,  should  be  completely  enclosed  by  sheet  metal  or 
heavy  mesh  guards.  Guards  should  always  be  used  regardless  of  the 
planer's  location.  \ 

Point  of  Operation  Hazard 

AcciHpn^5  at  the  point  of  operation  arise  from: 

1.  contact  with  blades  while  sharpening  or  adjusting 

2.  pinching  fingers  and  hands  between  materials  and  in- 
running  rolls  which  are  inadequately  guarded. 

Point  of  Operation  Guards 

OSHA  requires  that  planing  machines  "shall  have  all  cutting  heads, 
and  saws  if  used,  covered  by  ^  n^etal  guard."  This  guard  should  be 
kept'  closed  when  the  planer  is  running.  Specific  requirements 
apply  to  the  material  from  which  the  guard  is  constructed: 

\          V16"  =  2  mm. 
3/16"  =  5  mm. 

If  such  guard  is  constructed  of  sheet  metal,  the  material 
used  shall  be  not  less  than  1/16  inch  in  thickness,  and  if 
cast  iron  is  used,  it  shall  be  not  less  than  3/16  inch  in 
thickness. 

Where  an  exhaust  system  is  used,  the  guards  shall  form 
parts  or  all  of  the  exiiaust  hood. 

Feed  Roll  Guards 

OSHA  regulations  require  feed  roll  guards: 

Feed  rolls  shall  be  guarded  by  a  hood  or  a  suitable  guard 
to  prevent  the  hands  of  the  operator  from  coming  in  con- 
tact with  the  in-running  rolls  at  any  point.  The  guard 
shall  be  fastened  to  the  frame  carrying  the  rolls  so  as  to 
remain  in  adjustment  for  anv  thickness  of  kock. 

ERIC  , 
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The  student  must  be  sure  that  feed  rolls,  cutter  heads  andrcyl- 
inders  are  stopped  before  reaching  into  the  bed  plate  to  rei^iove 
wood  fragments  or  to  make  adjustments.  Sleeves  must  be^tucked 
in  or  rolled  up,  and  loose  clothing  should  not  be  worn.  Although 
gloves  should  not  be  worn  while  operating  a  planer,  hand  pads  for 
handling  rough  wood  may  be  necessary. 

Kickbacks  or  throwing  material  toward  the  operator  through 
action  of  the  blade  can  be  caused  by: 

L  unsafe  operating  methods 

2.  improper  equipment  maintenance  or  adjustment 

3.  lack  of  physical  safeguards. 

Kickbacks  cannot  be  prevented  entirely  by  mechanical  means. 
Therefore,  the  operator  should  always  stand  out  of  line  of  board 
travel.  OSHA  regulations  require: 

Surfacers  or  planers  used  in  thicknessing  multiple  pieces 
of  material  simultaneously  shall  be  provided  with  sec- 
tional infeed  rolls  having  sufficient  yield  in  the  construc- 
tion of  the  sections  to  provide  feeding  contact  pressure 
on  the  stock,  over  the  permissible  range  of  variation  in 
stocJ^  thickness  specified  or  for  which  the  material  is 
designed.  In  lieu  of  such  yielding  sectional  rolls,  suitable 
section,  kickback  finger  devices  sHall  be  provided  at  the  . 
infeed  fend. 

Operators  should  never  feed  boards  of  different  thickness  at  the 
same  time  because  the  thinner  board  will  not  be  held  by  the  feed 
rolls  and  can  be  kicked  back  from  the  cutter  heads.  Feed  roll 
corrugations  should  be  kept  clean  and  free  from  dust,  pitch,  or 
any  other  impediments.  They  should  be  kept  sharp  by  filing  as 
needed  so  that  they  grip  the  niaterial  as  tightly  as  possible. 

Chips,  splinters,  etc.,  are  thrown  off  as  a  result  of  the  rapid  cutting 
action  of  the  blade.  The  operator  should  wear  a  face  shield  or 
goggles  'as  protection  against  slivers  and  chips  thrown  back  by  the 
cutter  heads.  He  should  not  bend  over  to  watch  the  board  being 
planed  but  should  stand  aside  once  the  board  starts  through.  A 
dust  collection  system  is  desirable  to  reduce  the  hazard  of  flying 
particles. 


Kickbacks 


Kickback  Protection 


Flying  Particles 
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A  planer  is  powerful,  fast  running  and  tends  to  vibrate  excessively. 
Vibration  also  may  be  caused  by  dull  or  improperly  sharpened 
blades.  Vibration  can  be  reduced  by  anchoring  the  planer  on  a 
solid  foundation  and,  if  necessary,  by  insulating  it  from  the 
foundation  with  materials  that  absorb  vibration. 

{ 

The  planer  is  a  noisy  machine.  Therefore,  it  should  be  isolated  or 
enclosed  in  a  soundproof  area.  If  neither  of  these  alternatives  is 
possible,  those  working  the  the  immediate  area  will  need  ear 
protection,  1 

Since  materials  passing  through  the  planer  are  generally  long  and 
fast-moving,  workers  can  be  caught^between  stock  emerging  from 
the  planei^  and  stationary  objects  'or  structural  elements  of  the 
building.  The  space  at  the  outrunning  end  should  be  fenced  or 
marked  off  to  keep  workers  out  of  the  area.  Insofar  as  possible, 
aisles  should  be  located  where  students  will  not  need  to  pass  in 
front  of  or  to.  the  rear  of  the  planer. 

Three  major  types  of  machines  are  commonly  used  to  sand  sur- 
faces: 

1.  drum  Sanders 

2.  disk  Sanders 

3.  belt  Sanders  (see  Figure  50). 

Oisc'undtr 


Reprinted  from  Occupational  Safety  and 
Health  in  Vocational  Education  (Cincinnati: 
NIOSH,  1979),  p.  132.  ' 

Figure  50 
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Accidents  at  the  point  of  operation  may  occur  when  operators* 
hands  or  fingers  become  caught  between  tiie  work  rest  and  the 
belt  on  a  manually  fed  machine,  between  the  feed  rolls  and  the 
material  on  a  self-feed  machine  or  by  accidental  contact  with  the 
moving  abrasive  belt. 

Because  of  the  dangers  presented  to  hands  and  fingers  at  the 
point  of  operation,  OSHA  requires  machine  guarding: 

Feed  rolls  of  self-feed  sanding  machines  shall  be  pro- 
tected with  a  semicylindrical  guard  to  prevent  the  hands 
of  the  operator  from  coming  in  contact  with  the  inrun- 
ning  rolls  at  any  point.  The  guard  shall  be  constructed 
.  of  heavy  material,  preferably  metal,  and  firmly  secured  to 
the  frame  carrying  the  rolls  so  as  to  remain  in  adjustment 
for  any  thickness  of  stock.  The  bottom  of  the  guard 
should  come  down  to  within  3/8  inch  of  a  plane  formed 
by  the  bottom  or  contact  face  of  the  feed  roll  where  it 
touches  the  stock. 

All  manually-fed  sanders  should  be  equipped  with  a  work  rest  and 
be  properly  adjusted: 

1<   to  provide  minimum  clearance  between  the  belt  ^d  the 
rest  ] 

2.  to  secure  support  for  the  work  being  sanded. 

Pieces  too  small  to  allow  the;  hands  to  be  kept  a  safe  distance  from 
the  work  should  be  held  in  a  jig  or  similar  holding  device. 

The  regulations  for  drum  and  di.'^  sanders  require  an  exhaust 
hood  or,  if  no  exhaust  system  is  required,  another  guard  arranged 
to  enclose  the  revolving  drum  or  disk,  except  for  the  portion 
above  the  table  designed  for  the  work  feed.  The  distance  between 
disk  or  drum  and  the  table  must  be  kept  to  a  minimum. 

Belt  sanding  machines  require  more  guards  because  of  the  addi- 
tional hazard  created  by  nip  points: 

Belt  sanding  machines  shall  be  provided  with  guards  at 
each  nip  point  where  the  sanding  belt  runs  on  to  a 
pulley.  These  guards  shall  effectively  prevent  the  hands  or 
fmger3  of  the  operator  from  coming  m  contact  with  the 
nip  points.  The  unused  run  of  the  sanding  belt  shall  be 
guarded  agains^.  accidental  contact. 


Point  of  Operation  Hr.  .ard 
and  Control 


Self-Feed 


3/8"  =  10  mm.. 


Hand-Fed 


Drum  and  Disk 


Belt 
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Dust  and  Flying  Particles 


Exhaust  Systems 


Loose  Belts 

\ 

Belt  Maintenance 


Operating  Controls 


MAINTAINING 

WOODWORKING 

MACHINERY 


Considerable  dust  and  bits  of  wood  are  thrown  off  in  the  sanding 
process.  Eye  protection  is  highly  recommended. 

Sanders  should  be  provided  with  an  exhaust  system.  The  exhaust 
hood  should  cover  all  the  sandmg  surface  except  the  operating 
area.  Exhaust  intakes  should  be  designed  and  placed  so  that  the 
natural  throw  of  the  abrasive  belt  is  directly  into  the  exhaust 
hood.  Intakes  should  be  placed  as  near  as  possible  to  the  point  of 
contact  of  the  wood  with  the  abrasive  belt.  Personnel  operating 
Sanders  should  wear  goggles  and  dust-type  respirators  during  sand- 
ing operation  and  while  ck  ling  up  afterwards. 

Loose  or  improperly  tens'on'^'^  ^  ^1*^  cause  undue  wear  and  fraying 
and  can  tear  or  break,  causing  material  on  the  jam  or  belt  to  fly 
toward  the  operator.  ^ 

Abrasive  belts  used  on  sanders  should  be  the  same  width  as  the 
pulley-drum,  and  drums  sliould  be  adjusted  to  keep  the  abrasive 
belt  'taut  enough  to  turn  at  the  same  speed  as  the  puUey-drum, 
yet  not  slip  on  the  drum  when  material  is  brought  into  contact 
with  the  moving  abrasive  belt.  Abrasive  belts  should  be  inspected 
before  use,  and  "those  found  to  be  cracked,  frayed  or  excessively 
worn  in  spots  should  be  replaced,  even  though  the  remainder  of 
the  belt  appears  to  be  in  good  condition. 

The  operating  controls,  while  not  a  severe  source  of  injury,  should 
include  an  emergency  stop  button.  A  main  power  electrical  dis- 
connect is  required. 

In  the  section  on  machinery  and  machine  guarding,  OSHA  estab- 
lished nme  inspection  and  maintenance  requirements  for  wood- 
working machinery;  t 

1.  Dull,  ibadly  set,  improperly  fUled  or  improperly 
tensioned  saws  shall  be  immediately  removed  from 
service,  before  they  begin  to  cause  the  material  to 
stick,  jam  or  kick  back  when  it  is  fed  to  the  saw  at 
normal  speed.  Saws  to  which  gum  has  adhered  on 
the  sides  shall  bip  immediately  cleaned. 

2.  Ail  knives  and  cutting  heads  of  wpodworking  ma- 
chines shall  be  kept  sharp,  properly  adjusted  and 
firmly  secured.  Where  two  or  more  knives  ate  used  in 
one  head,  they  shall  be  properly  balanced. 
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3.  Bearings  shall  be  kept  free  from  lost  motion  and  shall 
be  well  lubricated. 

4.  Arbors  of  all  circular  saws  shall  be  free  from  play. 

5.  Sharpening  or  tensioning  of  saw  blades  or  cutters 
shall  be  done  only  by  persons  of  demonstrated  skill 
in  this  kind  of  work. 

6.  Emphasis  is  placed  upon  the  importance  of  main- 
taining cleanliness  around  woodworking  machinery, 
particularly  as  regards  the  effective  functioning  of 
guards  and  the  prevention  of  fire  hazards  in  switch 
enclosures,  bearings  and  motors. 


7.  All  cracked  saws  shall  be  removed  frdm  service. 

8.  The  practice  of  inserting  wedges  between  the  saw 
disk  and  the  collar  to  form  what  is  commonly  known 
as  a  **wobble  saw"  shall  not  be  permitted. 

9.  Push  sticks  or  push  blocks  shall  be  provided  at  the 
work  place  in  the  several  sizes  and  types  suitable  for 
the  work  to  be  done. 

The  common  characteristic  of  lathes  is  that  a  piece  rotates  about  a 
horizontal  axis  and  is  shaped  by  a  tool.  Metal  lathes  are  used  for 
cutting  or  shaping  metal  by  removing  chips  from  the  workpiece. 
As  the  piece  revolves,  the  tool  feeds  into  it  or  across  it.  Boring  is 
sometimes  done  on  a  lathe;  however,  the  holes  are  usually  larger 
than  those  made  on  a  regular  boring  or  drilling  machine. 

The  metal  lathe  is  the  tool  in  the'  machine  shop  which  the  beginner 
usually  learns  to  operate  first.  There  are  two  main  types: 

1.  the  engine  /athe  (which  includes  the  ordinary  bench 
lathe),  the  regular  revolving  or  turning  lathe  found  in  most 
machine  shoDS 


Adapted  from  Occupational  Safety  and  Health 
in  Vocational  Education  (Cincinnati.  NIOSH 
1979),  p'.  133. 
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2.  the  turret  lathe,  where  a  number  of  tools  are  fixed  in  a 
monitor  or  turret,  pivoted  so  as  to  revolve  and  present  any 
of  the  various  tools  to  the  work.  In  many  automatic  lathes 
and  screw-machines,  the  motions  of  the  work  and  the 
turret  are  directed  by  a  cam  wheel.  The  finished  pieces  are 
dropped  out  continuously  at  one  end,  while  a  bar  from 
which  the  pieces  are  formed  1s  fed  at  the  other  end. 


Lathes  may  be  driven  by  individual  motors  or  from  a  line  shaft, 
comprised  of  belts  and  pulleys,  or  by  exposed  gears  in  the  head- 
stock.  All  belts,  pulleys,  shafting,  gears,  etc.,  should  be  guarded. 


Where  power  transmission  belt  drives  are  exposed  to  allow  speed 
changes,  a  push  stick  or  similar  device  must  be  available  and  used. 
Where  the  power  transmission  is  enclosed,  the  access  doors  should 
be  adequately  latched  so  that  they  cannotjar  open. 


Accidents  occur  in  the  moving  parts  through; 

L  contact  with  projection  on  stock,  faceplates  and  chucks 

2.  contacting  lathe  dogs  (especially  those  with  projecting  set 
screws)  '  | 

3.  filing  with  the  right  hand,  especially  near  dog  or  chuck, 
or  using  the  hand  instead  of  a  stick  to  hold  emery  cloth 
against  the  work 

4.  catching  loose  clothings  or  rags  on  rotating  parts. 

A  guard  should  be  provided  for  the  faceplate  and  chuck  to  protect 
the  operator  from  accidental  contact  v/ith  them.  Enclosure  guards 
over  the  chuck  confine  hot  metal  chips  txnd  oil  splashes  and  also 
act  as  exhaust  hoods  for  removal  of  fumes. 

If  possible,  faceplates  and  chucks  should  be  without  projections. 
Safety  Jathe  dogs  should  be' substituted  for  those  with  projecting 
setscrews.  All  filing  should  be  done  with  the  left  hand,  and  the  file 
should  l)e  kept  away  from  the  chuck  and  lathe  dog. 


Lathe  operators  should  Jiot  vyear  gloves,  neckties,  loose  clothing, 

^  '  6 
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long  sleeves,  or  wrist  watches,  chains,  rings,  etc.,  while  operating 
the  lathe.  Gloves  worn  because  of  the  hazards  of  burrs  or  shaip 
edges  should  be  taken  off  before  starting  the  lathe. 

Accidents  occur  at  the  point  of  operation  through:  Point  of  Operation 

1.  calipering  or  gauging  the  job  while  the  machine  is  in 
operation 

2.  accidental  contact  with  the  tool 

3.  attempting  to  clean  chips  while  machine  is  in  operation 

4.  contacting  projections  on  work  or  stock 

5.  hand  braking  of  the  machine.  ^ 

Care  should  be  taken  to  remove  chuck  keys  from  the  chuck 
sockets  before  the  lathe  is  started. 

Center  holes  of  taper  work  should  be  clean  and  true,  and  lathe 
centers  true  and  sharp.  The  work  should  be  well  countersunk  at 
the  tailstock  end  to  eliminate  any  danger  of  its  being  torn  loose. 

Automatic  machines  should  have  point-of-operation  enclosures 
interlocked  with  the  control  circuit.  These  enclosures  should  open 
easily  for  access  to  the  work  arid  toolinig. 

Operating  controls,  where  possible,  should  be  protected  against    Operating  Controls 

accidental  starting  by  shrouding  push  buttons  and  by  identifying 

levers  and  hand  controls  with  bright  colors.  Every  lathe  should 

have  nn  emergency  disconnect  switch  in  the  proximity  of  the 

operator. 

On  some  types  of  metals,  a  continuous  spiral  is  produced  which     Flying  Particles 
frequently  causes  injuries  to  the  hands,  arms  or  face.  Small  par- 
ticles are  also  thrown  off,  which  create  a  hazard  to  the  eyes  of  the 
operator  and  to  others  in  the  vicinity. 

A  small  mesh  screen  or  plastic  chip  guard  should  be  provided 
which  will  proiect  the  operator  from  flying  chips.  Such  a  guard 
confines  the  chips  and  does  not  interfere  with  visibility. 
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Always  wear  goggles  or  face  shields  for  protection  against  flying 
chips  and  oil  spatters. 

Continuous  spiral  chips  should  be  removed  with  a  hooked  rod; 
never  with  the  hand.  Small  chips  should  be  removed  with  a'brush: 
Remove  chips  only  after  the  lathe' has  completely  stopped.  j^. 

Chip  breakers  provide  protection  from  the  hand  and  arm  injuries 
caused  by  continuous  spirals  of  such  materials  as  steel.  Chip 
breakers  m^y  be, ground  into  the  tip  of  the  tool,  or  they  ihay  be 
clamped  or  brazed  onto  the  tool.  '  ^  ~ 

The  floor  and  aisle  area  should  be  kept  clear.  J^l  tools,  extra  work, 

stock  and  so  forth  should  be  placed  m  a  suitable  rack.  A  lifting 

de-ice  should?,  be  pro^ide^i  for  changing  chucks,  faceplates,  etc. 

« 

Operators  should  wash  thoroughly  and  wear  clothes  free  of  oil. 
Operators  should  wear  a  hat  or  cap  while  working. 

Other  safe  operating  requirements  include  the  following.  Before 
turning  on  power:  ^ 

1.  .Properly  clamp  tool  holder,  tailstock  and  work. 

2.  If  a  ma'gnetic  chuck  is  used,  turn  on  current  before  starting 
machine. 

'/ 

3.  Be  sure  that  automatic  feeds  are  not  Qverly  tight. 

4.  Be  sure  that  the  compound  rest  or  carriage  cannot  strike 
the  chuck  jaws. 

5.  Be  sure  that  the  jaws  of  a^huck  do  not  extend  beyond  its> 
circumference.  Reverse  or  change  jaws  if  necessary. ' 

6.  Set  tool  at  proper  height. 

7.  Enclose  projecting  material.  '  ' 
While  operating  the  machine:  ^ 

1.  Avoid  taking  too  heavy  a  cut. 
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2,  Do  not  bend  over  the>machine, 

3,  Do  not  shift  gears. 

4,  Do  not  attempt  to  use  a  wrench. 

5,  Use  only  files  equipped  with  handles.  - 

Milling  is  the  process  by  which  a  piece  of  metal  is  machined  by 
bringing  it  into  contact  with  a  "rotating  multiple-edged  cutter. 
The  horizontal  milling  machine  has  the.  spindle  |iorizontal' to  the 
table;  the  work  is  fed  into  the  cutter  (see  Figure  51).  The  vertical 


POtHT  Of  OfCWATlQW 


POWER  TRANSMISSION 
ENCLOSED 


Sketch  does  not  show  guard. 
Reprinted  from  Machine  Guard/n g- Assessment 
*     o/^/Ve^c/ (Cincinnati:  NIOSH,  1975),  p.  54.  .  . 

Figure  51 

milling  machine -has  the  spindle  vertical  to  the  table;  stock  can  be 
fed  to  the  tool  or  the  tool  can  be  fed  to  the  stock  (see  Figure 
52).  Thfe  plain  machine  is  used  with  tables  that  cannot  swivej;  the 
universal  machine  is  used  with  tables  that  can  swivel  up  to  90 
degrees  of  a  horizontal  position.  . 

Milling  machines  may  be  driven  by  individual  motors  or  from  a 
linershaft,  comprised  of  a  belt  and  pulleys.  Power  transmission 
components  should  be  totally  enclosed.  On  those  machines  Using 
adjustable  bolt  drives,  a^Jpterlock  arrangement  is  required. 


MILLING  MACHINES 
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VERTICAL  MILLING  MACHINE 

Sketch  does  not  show  guard. 

Reprinted  from  Machine  Guarding-Assessment^ 

of  Need  (Cincinnati:  NIOSH,  1975),  p.  55. 

.    ^     Figure  52  ^\  ' 

AJ)out  two  out  of  every  three  milling  machine  accidents  occur  at 
the  point  of  operation  when  operators  unload  or  make  adjust- 
ments. There  should  be  a  fixed  hood  over  the  cutter  or  cutters 
clamped  firmly  to. the.  overhead  arm  and  adjustable  to  the  work 
being  done.  A  self-closing  guard  encloses  .the  cutter  completely 
when  the  table  is  withdrawn  and  opens.automaticaily  as  the  table 
moves  forward.  - This  should  effectively  protect  the  operator 
against  accidental  contact  with  the  cutters  and.against  flying  chips 
and  fragments. 

Operating  controls  should  be  shrouded,  operating  levels  brightly 
identified,  and  an  emergency  safety  switch  installed.  A  main 
power  disconn|ct  is  essential. 

Auxiliary  devices  should  have  a  proper  storage  place  near  the 
machine.  These  devices  (index  heads,  stock  vises,  extra  tooling) 
must  be  handled  carefully. 
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Other  point-of-operation  controls  include: 

1.  drawing  the  job  baclc  to  a  safe  distance  ^yhen  loading  and 
unloading         •  •  -  { 

2!  makiAg  sure  that  the  jig  or  vise  does  not  prevent  close 
adjustment  of  the  guard       .      '  . 

3.  being  certain  that  the  jig  or  vise-locking  arrangement  is 
not  so  placed  that  force  must  be  exerted  toward  the 
cutter 

A.  clamping  the  work  securely  before  starting  the  machine 

5.  using  cutters  which' are  dressed  correctly  ^ 

6.  being  certain  that  cutters  are  not  exposed  after  the  job  has 
been  withdrawn. 

The  horizontal  milling  machine  should  h.ave  a  splash  guard  and 
pans  for  catching  thrown  cutting  lubricant  and  lubricant  running 
from  the  tools.  Excess  oil  should  not  be  cleaned  from,  the  table 
while  the  cutter  \t  turning. 

A  coolant  should  be  applied  to  the  part  of  the  tool  which  is  turn- 
ing* away  from  the  work.  The  coolant  flow  should  be  adjusted  only 
when  the  cutters  are  not  turning. 

i  » 

should  be  removed  with  a  brush, 'never  with  the  hand,  and 
^then  only  when  the  milHng  machine  is  stop)Ded. 

'•Snug  clothing  should.be  worn  when  operating  milling  machines. 
The  wearing  of  loose  clothmg,  long  sleeves,  wrist  watches,  rings^ 
etc.,  should  be  prohibited. 

Milling  machine  operators,  should  wash  thoroughly  to  prevent 
possible  dermatitis  and  infections  from  lubricants. 

All  guards  should  be  in  place  while  the  rhachine  is  running.  Opera- 
tors should  wear  face  shields  or  safety  goggles  to  protect  their 
eyes  from  chips  and  flying  objects. 

The  machine  should  be  stopped  before  measuring  or  caHpering  the 
work. 


Safe  Operating  Practices 
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Planers  machine  'a  metal  surface  with  .the  cutting  tool  teld  sta- 
tionary while  the  work  nfioves'lDack  anjl  forth  underneath  it  (see 
Figure '53).  Shapers  are  also  general^^considered  planing  ma- 
chines. However,  they  reverse  the  process:  the  work  is  held  sta- 
tionary while  the  cutting  tool  is  moved  back'  and  forth. 


.  {  metal')  ■ 


Reprinted  from  Basic  Principles  of  Machinery  ^ 
Safeguarding,  -U-S,    Department    cJf  Labor- 
Bulletin  276  (1965):  p.  37. 

\  Figure  53  .   r  - 

Like  many  other  machine  shop  power 'tbols,  the  metal  planer  is 
itot  dangerous  to  operate  if  certain' safeguards  are  ii^alled  and  if 
thVoperat9r  is  experienced  and  careful  to 'follow  closely  safety 
rules  and  operating  procedures.  Most  planer  accidents  are  the  re- 
sult of  unsafe  practices.  .  * 

Planers  may  be  driven  by  individual  motors,  or  from  a  lineshpft, ' 
comprised  of  a  belt  and  pulleys.  Accidents  occur  through  contact 
with  the  counterweight  an^  exposed  power  gears  or  through  con- 
tact with  reversing  dogs. 

All  belts,  pulleys,  shafting,  gears,  etc.,  should  be/guarded.  Counter- 
weights should  be  guarded  from  the  floor,  extending  upward 
throughout  the  travel  of  the  counterweight^.  The  reversing  dogs  on  , 
^  jplaners  afnd  shapers  should  be  covered. 

An  emergency  stop  button  and  a  main  power  electrical  disconnect 
are  required. 
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•    Accidents  ocbur  at  the  point  of  operation  through  contact  with 
the-tool  and  through  the'  breaking  of  a  tool  or  gouging  of  the  work 
caused  by  the  shifting  of  the  cutting  tool  which  cuts  into  the  work. 

Point  of  Operation 

,  ^  The  tool  should  be  set  so  that,  if  it  shifts,  it  will  raise  away,  from  ^ 
the  cut  and  will  not  dig  into  the  work. 

All  work  should  be.  clamped  properly  anjl ^curely  before  the 
pfener  is- started.  Whpn  magnetic  chucks  are  used,  the  work  should 
^    ^  be  set  in  its  proper  position  and  the  current  turned  on  before  the 
planer  is  started.  A'chip  guard  of  heavy  close-mesh  wire  screen  or 
of  heavy  clear  plastic  material  should  be  placed  over  the  tool  to 
^         prevent  chips  from,  flying  and  striking  the  operator  or  other 
workers. 

.  .  -  ■  •  ' 

All  operimgs -m  the  bed  of  planers  should 'be  covered  with  a 
permanent  covering  of  solid  heavy  sheet  metal  to  prevent  a  person 
from  being  caught^  between  the  bed  and  the  planer  table  and.  to  * 
prevent  the  space  from  being  used  for  the  storage  of  tools  and 
other  articles.  , 

• 

•                                                                                                 •  # 

Moving  Parts  Guards 

* 

If  the  planer  table  itself  or  materials  being  processed  onit  travels 
to  >vithin  IS  inches  6f  a  post,  wall  or  other  ob3truction,  the  space 
.   between  •  the  end  of*  the  travel  and  the  obstruction  should  be 
protected  by  a  standard  railing  on  either  side  of  the  planer.  Safety 
dogs  sHould  be  placed  at  each  end  of  the  planer  table  to  prevent 
it  from  running  off  the  gear  rack. 

? 

• 

?     Several  additional  requirements  for  thje  safe  operation  of  nfilling 
Machines  are:  ^  , 

Safe  Operation 

1.  Before  starting^  planer  or  shaper,  check  the  condition  of 
'  -                the  machine  and  its  setup:  Be  sure  all  guards  are  .in  place. 

2.  If  ^  adjustments,,  repairs  pr  measurements  are  *;eces- 
sary,  stop  the  machine  to  make  them.  \ 

3.  Use  a  brush  to  remove  chipsV  * 

*• 

4.  Kee^  floot  area  clear. »  ^ 

* 

\       '  • 

5.  Do  not  leave  tools  under  the  "bed." 

6.   Wear  gobies  to  ^otect  'the  eyes  from  flying  chips  and  ' 
particles.^ 
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7.  Wear  snugly  fitted  clothes,  short  sleeves  and  no  jewebry. 

8. '  Do  not  leave  the  planer  running  unattended. 

9.  Do  not  place  hands  or  fingers  between  the  tool  and  the 
work.-  . 

The  drill  press  is  a  metalcutting  machine  which  uses  ^  multiple- 
cutting-Bdge  rotating  topi  to  remove  metal  and  produce  a  hofe  in 
the  stock.  It  also  can  be  used  for  countersinking,  reaming,  boring, 
tappjng,  facing  and  routing.  The  most,  commonly  used  drilling 
machine  is  a  single-speed,  floor-mouhted,  belt-driven  machine  for 
non-production  drilling  (see  Figure  54).  '  ? 

drill'     PRE^-S  Ja»ERTRA>^.SS.ON 
NORMALLY  EN^OSEO 


OWRATING 
CONTROLS—  

POINT  OF  OPERATlOfj 


\ 


H0L0IP*C  STOCK 


Drill  press  adapted  from  Machine  Guarding- _ 
Assessment  of  Need   (Cincinnati:    NIOSH.  ^/ 
1975),  p.  51.  Safety  mechanism  reprinted  from 
with    pernrvission*  ^  f rom^  Guards   illustrated,  > 
3rd' ed.  (Chicago:  National  Safety  •  Council^ 

•  1973),  p.  32.       ^.  *     *  ' 

Figure  54 

•  ♦  * 

There  are  three  main  types  of  drill  presses: 

1.  upright  (vertical  spindle)    "^^^^  * 
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o2.  multiple  spindle 


\ 


3.  radial,  with  a  long  arm*  which' caji  be  swung  into  any  posl- 
^      tion  aroiTnd  the  column. 

Drill  presses  may  be  driven  by  individual  motors  or  from  a  line- 
shaft,  comprised  of  belts  and  pulleys.  There  are  also  the* hazards  of 
gears,  spindles  and  counterweights.  Power  transmission  compo- 
nents should^  be  entirely  enclosed  on  those,  machines  thatjhave 
•  adjustable  belt  drives.  The  enclosure  should  have  an  interlocked 
access  door  to  facilitate  speed  ch:anges. 

Counterweights  shouM  Be  enclosed  with  guards,  preferably  iron 
pipe  or  sheet  metal  and  angle  iron,  from  the  floor  to  the 'top  of  the 
weight  when  in  extreme  upward  position.'  Counterweight  chains 
should  be  maintained  in  good  condition.  ^ 

An  emergency  stopping  device  should  be  provided  within  easy 
reach  of  the  operator.  (On  ipotor-driven  drills,  stop-and-start 
buttons,  are  acceptable,)  A  main  poweir^  disconnect  is  necessary. 

Hazards  at  the  point  of  operation  include: 

1.  icoming  in  contact  with  the  spindle  or  tool 


/ 


/ 


2.  work  slipping  or  turning  because  it  was  not  properly 
clamped 


3,  attempting  to  clean  chips  while^drill  is  turni 


m 

4,  being  hit  by  flying  pieces  from  metal  chifas  or  a  broken 
drilir  .  ■  ^ 


Where  practical,  a' telescope  guard  should  be  installed  over  the 
drill  and  spindle  to  protect  against  accidental  contact.  Figure  54 
shows  a  spring  safety  guard  which  compresses  as  the  drill  cuts  in 
order  to  contain  metal  slivers  and  chips. 

All  work  should  be  firmly  and  securely  clamped  ^the  table 
'before  starting  the  drill  press.  Do  not  touch  the  toolVhile  using  a 
quick-chai?ge  clutch. 

A  brush  or  ^stlck  should  be  used  to  remove  chips  f  /m  ^a  drill. 
Burrs, should  be  filed  or  scraped  from  drill  holes,  but  this  should 
be  done  only  when  the^rill  is  stopped. 
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Wh^n-deep  holes  are  being  drilled  beyond  the  -flutes  of  the  drill, 
tile  drill  should, be  removed  frequently  and  the  chips  cleaned  out  \ 
with  a  brush,  or  stick.  If  chips  are  allowed  to  pile  up  in  such  an 
operation,  the  tool  may  jam,  causing  the*  drill  to  break  and  inse- 
curely clamped  work  to  spin. 

The  drill  should  not  be  operated  at  excessive  speed  or  feed;' it  may 
break  or  shatter.  Do  i^ot  use  a  dull  .drill. 

Chuck  wrenches,  keys  or  drifts  should  not  be  left  in  chucks  or  on 
the  table.  All  tools  and  loose  material  should  be  removed  from  ijie 
table  before  starting  the  machine.  ' 

When  starting  the  dfill,  the  operator  should  use  ^  center  punch 
mark.  So  that  he  does  not  drill  .into  the  table,  he  should  position 
the  work  over  an  opening  in  the  table,  or  use  a  bottom  piece  under 
the  work.  To  remove  a  drill  bit  from  the  chuck,  the  operator 
should  lower  the  spindle  sol  that  the  point  of  the  drill  is  close  to 
the  table  before  joosening  the  socket.  ^  ^ 

The  machine  must  b^  shut  off  before  work  is  set  up  oi:  taken  off. 
Operators  should  shut  off  power  and  be  certain  the  machine  has 
stopped  before  leaving. 

Goggles  should  be  wprn  when  operating  drill  presses.  Operators 
of  the  drill  press  should  wear  snugly  fitted  clothing,  short  sleeves, 
and  no  jewelry.  Long  hair  should  be  confined  in  a  proper  hair  net, 
hood  or  cap. 

Power  presses  are  used  to  cold  fo^m  a  sheet  of  metal.  A  powered 
slide  or  ram  moves  in  a  reciprocating  motion  at  right  angles  to  a 
stationary  bed.  Mated  dies  are  atta^ched  to  the  slide  and  the 
stationary  bed.  The  slide  applifet  tremendous  pressure  to  close  the 
dies,  which  cut  gitorm  the  material  placed  between  them. 

The  action  of  closing  the*  dies  creates  particular  hazards  for  the 
operator.    •  .  -  * 

As  a  source  of  accidents,  particularly  those  accidents  which  result 
in  permanent-partial  injuries,  piresses  present  possibly  the  most 
serious  problem  of  any  stationary  machine  in  industry. 

The  safeguarding  of  presses  has  been  complici^ced  by  the  wide 
variety  of  operations  and  operating  conditions,  owing  to  the 
variations  in  size,  spe^,  and-tht  type  of  press;  size,  thickness  and 
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kind  of  pieces  to^  worked;  design  and  construction  of  dies; 
required  accuracy  of.. the  finished  work;  skill  of  operators;  and 
length  of  the'run. 

The  four  most  common  types  of  power  presses  are: 

•  1.  jnechanical  power  press. 
u.    2.  hydraulic  power  press  . 

3.  ^  power  brake  press 

4.  shear.  ' 

All  power  presses  have  counterparts  which  are  powered  by  hand  or 
foot.  Such"presses  are  easy  to  guard  inexpensively. 

The  mechanical  power  press  shears,  punches,  forms  or  assembles 
metai  or  other  material  by  means  of  tools  or  dies  attached  to 
slides  (see  Figure  55). 'Most  mechanical  power  presses  are  activated 
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Reprinted  from  Machine  Guarding-A^ssment 
of  Need  (Cincinnati:  NIOSH,  1975),  p.  40, 
Figure  55 
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by  a  clutch  and  brake  arrangement  which  engages  the  crankshaft;  ^ 
to  the  heavy  flywheel  and  thus*  cycles  the  press.  If  the  clutch 
cannot  be  disengaged  during  the  cyc^,  it  is  known  as  a  full  revolu- 
tion clutch.  If  it  can  be  disengaged  at  any  point  during  the  cycle,  it, 
is  known  as  a  part  revolution  clutchwHydraulic  and  pneumatic- 
powered  presses  have  the  same  operating  characteristics  as  the  part 
revblution  clutch  press.  .  • 

The  mechanical  "Power  press  presents  morfe  hazards  than  any  other 
piece  of  equipment  because^of  its  use  in  High  procfuction  manu- 
facturing, the  jnature  of  its  metal  working  stroke  and  the  need  for 
integral  operator  involvement. 

The  American  National  Standards  Institute  has.  addressed  itself  to* 
the  safety  problem  in  its  ANSI  Bll.1-1971,  Safety  Requirements 
for  ConstruQtioti,  Care  and  Use  of  Me6hanical  Power  Presses. 
The  policies  included  4n  this  stmidard  were  ma'de  part  of  OSHA 
regulations  (1910.217)  in  1972.  ' 

The  following  discussion  focuses  on  the  hazards,  mvolved  in  total 
manual  operation.^utofnation  of.  any  portion  of  the  operation 
w511  reduce  the  hazard  level.  . 

The  operator  must  Vork  in  close  proximity  to  the  top  die'/ram  to 
allow  proper  placement  of  stock  in  the  work  zpne.  Often  he  is 
working  at  an  accelerated  pace,  pUcing  his  hands  between  the 
dies  on  fhe  up  stroke  and  puU^iig  them  out  on  the  down  stroke. 
Often  the -workplace  is  slippery,  creating^  slipping  hazard.  Heavy 
niaterial-moving  equipment  is  in  the  immediate  vicinity  to  deliver 
and  take  away  stock.  The  material  being  handled  may  have  sharp 
edges  and  elevated  temperatures.  The  machine  can  repeat  un- 
intentially,  creating  a  very  dangerous  hazard.  Broken  machine 
parts  can  come  loose  and' fall  on  the  'operator.  Operator  fatigue 
can  be  present  as  weU  as  insufficient  training. 

The  power  transmission  device 'is  generally  high  enough  above  the 
operator  to  eliminate  a  hazard.  However,  on  smaller  presses.  Open 
gears,  belt  drives  and  clutch  mechanisms  create  hazards.  There 
may  be  oiJ  and  grease  leakage  fro^  the  transmission  units,  result- 
ing in  slippery  walking  surfaces.  ^  belts,  pulleys,  gears,  flywheels, 
etc.,  must  beljguarded;  any  counterweights  and  cables  must  be 
enclosed  with  a  guard  extending  to  ^t  least  seven  feet  from  the 
floor. 

Operating  controls  are  usually  mounted  near  the  work  area.  OSHA 
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.         '        •      •  •  / 

requires  that  the  motor  stak  button  be  protected  against  acci- 
dental operation.  An  emergency  stop  button  and  a  main  .power 
disconnect  switch  ate  required  with  every  power  press  control 
system.  This  disconnect  switch  must  be  capable  of  being  locked 
only  in  ihe  "off position.      ^         ,  a j  • 

The  operating  controls  mu^t  be  shrouded  and  require  two-handed 
^operation  or  a  foot  switch.  !f  a  foot  switch  is  used,  QSriA  requires 
that  it  "shall  be  pirotected  to  prevent  unintended  operation 
from  falling  or  moving  objjects  or  by  accidental  stepping  onto  the 
pedal:''  .  /  ' 

< 

OSHA^also  requires  that  two-hand  controls  yicorporate  an  anti- 
repeat  feature  and  that  clutch/brake  controls  *'mcoFporate  an 
automatic  means  to^prevent  initiation  or  continued  activafion  of 
the  Single  Stroke  or  Continuous  functions  unless  the  press  drive 
mdtor  is  energized  and  in  the  forward  directiop.'* 

Effective  braking  is  required: 


•Friction  brakes  provided  for  "stopping  or  holdmg  a  slide 
movement  shall  be  inherently  self-engaging  by  requiring  * 
power  or  force*  from  an  external  source  to  cause  dis- 
engagement. Brake  ^capacity  shall  be  sufficient  to  stop 
the  motion  of  the  slide  quickly  and'^^capable  of  holding    .  . 
the  slide  and  its  attachments  at  any  point  in  its  travel. 

Because  of  the  danger  presented  by  broken  machine  parts,  OSHA 
requires:        .  ^ 

^^aciiine  ^ 

compopents- shall  be  designed,  secured  or 
covered  to  minimize  hazards  caused  by  breakage,  or 
^    loosening- and  falling  or  release  of  mechanical  energy 
(i.e.,  broken  springs). 

,  •  * 

A  careful  study  should  be  made  of  the  specific  operating  hazards 
on  a  particular  job  on  a  specific  press.  The  safest  quards  should  be 
instiled  to  eliminate  the  hazard,  and  they  should  be  maintained 
on  a  regular  schedule. 

Guards  must  be  so  designed  and  constructed  that  they  completely 
protect  the  operator  at  the  point  of  operation. 

OSKA  regulations  state;  •  • 

shall  be  the  responsibility  of  the  employer  to  provide 
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and  insure  the  usage. of  'point  of  operation  guards'  of  . 
properly  appHed  and  adjusted  point  of  operation  devices 
on  every  operation  performed  on  a  mechanical  power 
press. 

•  ,  .* 

OSHA  further  requires  periodic  and  regular  inspections  of  power 
presses  to  ensure  that  "all'  their  parts,  auxiliary  equipment  and 
safeguards  are  ih  a  safe  operating  condition/*  The  regulation 
continues: 

Bach-  press  shall  be  inspected  and  tested  no  less  than 
weekly  to  determine  the  condition  of  the  clutch/brake 
mechanism,  antirepeat  feature  and  single  stroke  mech- 
anism. Necessary  maintenance  or  repair  or  both  shall  bej 
performed  and  completed  before  the  press  is  operated. 
The  employer  shall  maintain  records  of  these  inspections 

and  maintenance  work  performed. 

* 

Any  modification  made  in  the  power  press  must  be  accompanied, 
according  to  OSHA,  by  instructions  "to  establish  new  or  changed 
guidelines "^for-^use  and , care'  of  the  power  press  so  modified." 

All  repairs  and  adjustments  rnuSt^h^j^^  by  a  competent,  author- 
ized person.  According  to  OSHA:  ^^^'"^-^^^^^ 

It  shall  be  the  responsibility  of  the  employer  to  insure  the 
crriginal  and  continuing  competence  of  personnel  caring 
tot,  inspecting  and  maintaining  power  presses. 


Before  the  student  begins  work  on  the  power  press,  he  must  be 
properly  trained  and  instructed.  OSHA  requirements  are: 

The  employer  shaU  train  and  instruct  the  operator  in  the 
safe  method  of  work  before  starting  work  on  any  opera- 
tion covered  in  this  section.  The  employer  shall  insure 
by^  adequate  supervision  that  correct  operating  proce- 
dures are  being  followed. 

OSHA  regulations  enforce  the  "no  hands  in  J.ies"  policy  which 
long  has  been  advocated  by  the  National  Safety  Council.  The 
regulations  require  the  employer  to: 

1.  use  dies  and  operating  methods  designed  to  control 
or  eliminate  hazards  to  operating  pei;sonnel 
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2.  furnish. and  entorce  the  use  of  hand  tools  for  freeing 
and  removing  stuck  work  or  scrap  pieces  from  the 
die,  so  that  no  employee  need  reach  into  the  point 
of  operation  for  such  purposes. 

Furthermore,  the  employer  must  "provide  and  enforce  the  use  of 
safety  blocks  for  use  whenever  dies  are  being  adjusted  or  repaired 
in  the  press.".  "Brushes,  swabs,  kbiicating  rolls  and  automatic 
or  manual  pressure  guns"  must  be  provided  so  that  operators 
"shall  not  be  required  to  reach  into  the  point  of  operation  or 
other  hazard  areas  to  lubricate  material,  punches  or  dies." 

power  presses  use  scme  type  of  die  in  their  points 
of  operation.  The  die,  which  may  weigh  from  a  few  pounds  to 
several  tons,  must  be  changed,  adjusted  or  repaired  periodically. 
Many  dies  have  razor-sharp  ed^^s  both  inside  and  out.  If  fhey  are 
dropped,  not  only  may  they  be  damaged  but  any  part  of  the  body 
thty  contact  will  suffer. 

When  dies  require  ^mechanical  handling,  Jiigndling  equipment 
attach  points  must  be  provided.  Safety  blocks  are  required  **when- 
ever  dies  are  being  adjufited  or  repaired  in  the  press"  and  die 
stops  must  be  provided  "to  prevent  losing  control  of  the  die 
while  setting  or  removing  dies  in  presses  which  are  inclined." 

The  brake  press  is  also  called 'the  "press  brake,"  bending  brake," 
"power  brake"  and  "bending  press'  (see  Figure  56).  Its  primary 
function  is  forming  (cold)  channels,  angles,  etc.,  in  metal  plates, 
strips  and  in  sheet  ^{letal.  It  is  used  less  frequently  for  punching, 
corrugating,  notching,  trimming,  embossing  and  other  operations 
usually  performed  on  other  types  of  presses. 

STROKE  /rPOWER  TRAWSMtSSIOM 


-OPERATINi 

CONTROLS 
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Reprinted  from  Machine  Guarding-Assessment  of  Need  (Cln- 
cinnati:  NIOSH.  1975),  p.  53. 

Figure  56 
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Jike  mechanical  and  hydraulic  power  presses,  the  brake  press  has 
a  bed  and  a  descending  slide,  called  the  ram.  Its  distinguishing 
feature  is  the  die  space.  The  bed.  and  ram  are  long  left-to-right, 
with  nanow  front-to-back  standard  die-attachment 'surfaces.  The 
press  brake  can  be  powered  either  mechanically  or  hydraulically. 
:3otH  types  utUize  the  part  revolution  clutch  type  of  drive  aQ4  thus 
can  be  started  and  stopped  at  wUl.  ■ 

Most  of  the  safety  requirements  for  mechanical  power  presses  can 
3e  applied  to  brake  presses  as  well.  ANSI  Bll.3-1973  is  the 
American  National  Standard  which  contains  safety  requirements 
for  the  construction,  care  and  use  of  power  brake  presses. 

Hazards  occur  at  the  -power  transmission  point  through  contact 
with  pbwer  pulleys,  gears,  chains,  cranks,  couplings  and  other 
moving  parts  exposed  to  contact.-  All  such  moving  parts  should  be 
guarded  with  either  complete  enclosures  of  sh^eet  metal  or  standard 
guards  to  a  height  of  at  least  seven  feet  from  the  floor  or  working 
platform.  -  . 

Hazards  at  the  point  of  operation  include  fingers  or  hands  being 
crushed  between  the  punch  and  the  die  or  between  the  work  and 
the  ram,  and  cuts  from  contact  with  work  being  processed. 

When  narrow  stock  is  being  worked,  the  hands  of  the  operator  are 
very  near  the  path  followed  by  the  ram.  To  reduce  this  hazard,  the 
machine  should  be  equipped  with  mechanical  safeguards  which  aro 
maintained  in  good  working  order. 

The  press  should  be  prpvide'dj^^vith  starting  devices  which  will 
keep  the  hands  of  the  operator  out  of  thtfjj^nger  zone.  These  may 
inclGtte^  two-hand  switches  or  levers  and^adle  bars,  foot  pedals 
and  foot  switches. 

Press  brakes  should  be  provided  "with  foot  controls  for  use  on 
those  jobs  where  the  size  9f  the  stock  being  processed  requires  an 
operatoiPto  hold"  it  in  position.  Before  the  ram  is  driven  home,  tha 
twp-hand  buttons  or  l6Vers  should  "be  used  to  bring  the  die  into 
position,  allowing  minimum  clearance.  The  stock  is  then  centered 
and  formed  by  the  further  action  of  the  ram,-  which  is  actuated  by 
the  operator  depressing  the  foot  controls. 

Foot  controls  "must  have  a  pad  large  enough  to  allow  even  dis- 
tribution of  the  actuating  pressure  applied  by  the  operator's  foot. 
The  pad  must  be  firmly  attached  to  the  pedal  and  have  a  non-slip 
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contact  area.  The  foot  pedal  itself  must  be  removable  and  capable 
of  being  adjusted  to  left  or  right  so Vhat 'the  operator  can  activate 
it  at  a  loc^itiorTto  suit  his  work.  A  means  must  be  provided  to  pre- 
vent  any  accidental  activation  of  the  foot  controls. 

^  The'^operator  :hould  know  the  capacity  of  the  machine  and  the 
three  factors  ^  vhich  determine  the  brake  pressure  required  to  form 
the  material  tc  be  worked  to  a  90  degree  bend: 

•  length  of  work  ^  •    '  * 

•  thickness  of  work  ,  . 

•  sharpness  of  the  bend. 

Before  the  press  action  is  started,  i^^uid  be  positively  deter- 
mined tliat  there  is  adequate  clearanceT||^changing  the  shape  of 
the  stock  being  worked  and  that  work  stops  or  back  gates  are  at 
the  proper  height  All  pbts  of  the  control  mechanisms  should  be 
inspected  at  regular, intervals.  The  functioning  of  friction  clutch 
and  brake  needs  to  be  checked;  the  clutch  must  disengage  itself 
when  the  external  engaging  force  has  been  removeHT 

All  repl'acement  partjf  should^be  purchased  from  the  manufacturer, 
and  his  recommendations  for  the  operation  and  maintenance  of 
the  machine  should  be  followed. 

The  fourth  of  the  cold  forming  metal  presses  is  the  power  sfl^s 
(see  Figure  57).  Shearing  metal  is  its  sole  purpose.  It  is  available 
with  either  full  or  part  revolution  clutch/brake  drives  as  a  median- 
ical  shear;  it  may*  also  have,  hydraulic  or  pneumatic  drive*  The 
operator  feeds  the  stock  between  the  blades,  sees  that  it  is  proper- 
ly positioned,  activates  the  cutting  cycle  with  hand/foot  controls 
and  remtjves  the  completed  part. 

ANSI  Bl  1.4-1973  gives  the  American  National  Standard  Safety 
Requirements  for  the  Construction,  Care  and  Use  of  Shears. 

Power  shears  may  be  driven  by  individual  motors  or  from  a  line- 
shaft,  comprised  of  bells  and  pulleys.  All  belts,  pulleys,  gears  and 
motor  couplings  should  be  enclosed  in  standard  guards  of  angle 
iron  with  a  filler  of  wire  mesh,  or  expanded,  perforated  sheet 
metal.  Belt-driven  shears  should  be  equipped  with  positive  acting 
and  locking  belt  shifters. 
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Reprinted  from  Basic  Principles  of  Machinery  Safeguarding, 
U.S.  Department  of  Labor,  Bulletin  276  (1965),  p»  48. 

Figure  57  *  ' 

S.t£irt  and  stop  buttons  on  motor-driven  shears  sh9uld  be  located 
within  easy  reach  of  the  operator,  preferably  where  they  cannot 
be  accidentally  struck.  An  emergency  stop  button  and  a  main 
power  disconnect  are  required.  ^  ,         ^  • 

Hazards  at  the  point  of  operation  include  contact  with  the  blade 

or  knife  on  the  feed  side  and  at  the  rear  of  the  machine  and 

accidental  tripping  of  the  power  shear. 

•        *  • 

The  shear  may  be  guarded  with  a  fixed  barrier  guard  which 
extends  the  length  of  the  table  and  conforms  to  the  maximum  safe 
openings  listed  in  Table 'S2^arlier  in  this  unit.  The  fixed  barrier, 
which  admits  the  thickness  of  the  metal  but  not  the  operator's 
fingers,  is  especially  appropriate  if  the  operator  is  working  with 
stock  pf  no  more  than  ^5^8  gauge. 

Any  slots,  perforations  or  other  openings  in  the  guard  should  not 
exceed  1/4  inch  "between  the  knife  or  blade  and.  the  guard  at  all 
points.  On  foot  and  power  operated  shears,  this  guard  should  be 
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located  in  front  of  the  hold-down,  which  can  be  guarded  sep- 
arately, or  as  part  of  the  knife  guard. 

*  The  back  of  the  knife  should  be  so  guarded  that  a  person  cannot 
get  his  fingers  under  the  knife.  Before  putting  the  shears  in  oi)era- 
tion,  the  operator  should  always  be  sure  that  everyone  is  in  the 
dear.       •  • 

Gauges  larger^than  3/8  should  utilize  semi-adjustable  "awareness 
barriers,"  which  admit  heavier  stock  but  curtain  the  areas  to  each 
side  of  the  stock  being  sheared.  The  operator  is  thus  warned 
against  further  movement  into  the  danger  zone.^  • 

A  hold-down  device  at  the  infeed  side  should  be  provided'  It 
should  be  capable  of  restraining  tlie  material  from  being  forced 
upward  during  the  shearing  stroke, 

ITie  foot  treadle  should  be  equipped  with  a  guard;  running  the  full 
length  of  the  treadle,  so  arranged  that  the  treadle  cannot  be- 
accidentally  tripped. 


Reprinjted  from  Occup^^nal ^Safety  and  Heafth 
in  Vocational  Education  {Cincinnati:  NIOSH, 
1979),  p.  134. 

Boxes,  bins  of  other  containers  should  be  provided  and  used  to 
keep  scrap  off  the  floor. 

Because  cutting  hardened  steel  probably  would  damage  the 
machine  and  injure^ the  operator,  a  warning- sign  reading  "Do  not 
cut  hardened  steel'^  should  be  placed  on  every  shear.  A  plate  show- 
ing the  cutting  capacity  also  should  be  displayed. 

Only  experienced  operators  should  be  allowed  to  operate  shears. 
Operators  should  wear  snugly  fitted  clothes  and  safety  shoes. 

While  not  power  shears  in  the  truest  sense,  alligator  shears  deserve 
mention,  because  they  cause  far  more  injuries  than  their  inherent 
hazards  andJTrequency  of  use  warrant.  Alligator  shears  chop  rather 
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than  cut.  They  are  used  for  cutting  heavy  bar  or  rod  stock  to  more 
convenient  length. 

Because  the  alligator  shear  operates  continuously,  the  operator 
must  time  his'  movements  to  coincide  with  the  opening  and  clos- 
ing of  the  cutter:  Aji  adjustable  guard  placed  at  the  point  of  opera- 
tion can  prevent  most  finger  and  hand  injuries: ' 


n 


ALLIGATOR  SHEARS 
Enclosure  guard. 


Reprinted  from  Occupational  Safety  and  Health 
in   Vocational  Education  (Cincinnati:  NIOSH, 
'1979),  p.  134.  ^  ;  . 

If  possible,  a  long  bench  should  be  built  to  the  right  or  left  of  the 
shear  and  the  material  slid  alon^  and  through  the  cutter. 

Grinding  machines  shape  material  by  bringing  it  into  contact  with 
a  rotating  abrasive  wheel  or  disk.  Polishing,  buffing,  honing  and 
wire  brushing  are  also  classed  -as  grinding  operations.  The  most 
common  grinding  machines  are: 

1.  ,stand  and  bench  grinders  (see  Figure  58)       /       ,  • 

2.  surface  grinders  (see  Figure  59) 

3.  cylindrical  grinders  (see  Figure  60). 


\    vThe  major  hazards  with  all  grinding  machines  are  related  to  the 
A   \otating  abrasive  wheel.  ANSJ  B7.1-1970  forms  the  American 
\  T^ational  Standard  Safety  Code  for  the  Use,  Care  and  Protection  of 
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Reprinted  from  Machine  Guarding^$sessmentof\'^ 
A/ffec/ (Cincinnati:  N 1 0SH,-1 975)75746.  ' 
Figure  58 
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/Reprinted  from  Machine  Guarding-Assessment  ofy 
Need  (Cincinnati:  NIOSH-1975),  p.  47. 

Figure  59 
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Reprinted  from  Machine  Guarding-Assessment  of 
Need  {U\OSH:  Cincinnati,  1975),  p.  48. 
Figure  60 
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Point  of  Operation  Hazards 


ij^brasive  Wheel^azards 


Abrasive  Wheels.  Parts  of  this  standard  have  been  adopte*  in  the 
General  Industry  OSHA  'Safety,  and  Health  Standards  (29  CFR' 
1910.215,  Abrasive  Wheel  Machinery). 

Hazards  at  the  point  of  operation  include: 

1.  work-  getting  caught  between  tool  rest  (or  guard)  and 
wheel  ^ 

2.  hands  coming  into  contact  with  the  wl^el' 

\ 

3.  clothing  getting  cai^h^  by  wheel  or  spifidle  ends. 
Injuries  involviKg  the  abrasiVe  wjie6l  and  disks  arise  from: 

•  •  ^  »   0  . 

1.  faOure  to  use  eye, projection  iri  addition  to  the  eye  shield 
mounted  on  the  grinder  -  • 

'    2.  holding  the  work  incorrectly 

3.  incorrectly  adjusting  the  work  rest  or  using  the  machine 
without  a  work  rest  * 

4.  grinding  on  the  side  of  the  wheel 

5.  taking  too  heavya  cut 

6.  applying  work  too  quicjdy  to  a  cold  wheel  or  disk        •  ^ 

7.  grinding  too  high  above  the  center  of  a  wheel 

8.  failing  to^nse.wheel  washexs  (blotters)  ' 

•  \     -  '  .  ^-^  • 

9.  using  bearing.boxes  with  insufficient  bearing  surf acej> 

•  i 

10.  using  a  spindle*  with  incorrect  diameter 

11.  using  a  spindle  with  the  threads  cut  so  that  the  put  loosens 
as  the  spindle  revpives 

12.  dressing  the  wheel  incorrectly 

13.  using  an  abrasive  saw  blade  instead  of  a  grinder  disk**^ 

>  . 
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,  The  hazard  of  flying  fragments  because  of  the  disintegration  or 
"explosion"of  the  abrasive  whe^  results  from : 


h  improper  mounting  of  the  wheel 

2.  cracks^or  flaws  in  the  wheel 

3.  incorrect  wheel  for  the  work 

4.  wheel  being  run  too  fast  ^  ^ 

5.  "^ flanges  (lack  of  flanges,  unequal  sizGj'etc.) 


6.^>^ibration  caused  by  the  wheel's  being  oivt  of  baknce, 
worn  bearings,  etc*  <^  . 


7.  side  pressure  on  wheels  not  designed  for  that  work 
B.  work  being  caught"  b<*tween  tool  rest  or  guard  and  the 


wheel 


9.  particles  from  the  material  being  ground  as  well  as  wheel 
^  particles. 

If  the  wheel  starts' vibrating  or  "chattering,  it  must  be  stopped. 
Usually  such  vibration,  means  that* the  wheel  is  not  ajcurely 
attached  or  is  out  of  balance. 

Power  transmission  (shafting,  belts,  pulleys,  etc.)  must  be  guarded 
in  accordance  with  ANSI  standards. 

Abrasive  wheels^  must  be  guarded  in  accordance  with  ANSI  stan- 
dards which  have  been  adopted  by'OSHA.  The  guard  should 
enclose  ^he  wheel  as  completely  as  the  nature  of  the  work  permits. 
It  should  be'  adjustable  so  that,  as  the  diameter  of  the  wheel 
constantly  decreases,  the  protection  will  not  be  lessened.  The 
maximum  angular  exposure  varies  with  the  type  of  grinder  (see 
Figure  61). 

.OSHA  regulations  state: 

Bench  and  floor  stands.  The  angular  exposure  of  the 
grinding* wheel  periphery  and  sides  for  safety  guards  user*  ; 
on  machines  known  as  bench  and  floor  stands  should  not 
exceed  90  degrees  o|  9ne-fourth  of  the  periphery.  .  .  . 


Wheel  Explosion 


Power  Transmission. 
Guarding  Abrasive  Wheels" 
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BENCH  ANO'FUOOR  STAND     BENCH  AND  FLOOR  STAND 
GRINDERS  *  GRINDERS  (WHEEL  CONTACT) 

BELOW  [   OF  SPINDLE 


TOP  GRINDER 


\  /  nmm 

limn 


IS*  Nil 


SWING^FRAME  GRINDER       CYLINDRICAL  GRiNOER     SURFACE  GRINDERS  AND 

CUTTING -OFF  MACHINES 

Reprinted  from  Accident  Prevention  Manual  for  Industrial 
Operations,  7th  ed.  {Chicago:  National  SafetV  Council,  1974), 
p.  849.  "  H 

'    Figure  61  ' 


Wherevef  the  nature  of  the  work  requires;  contact  with 
"  the  wheel  below 'the  horizontal  plane  of  the  spindle,  the 
exposure  shall  not  exceed  125  degrees. 

Cylindrical  grinders.  The  maximum  angular  exposure  of 
the.,grinding  wheel  periphery  and  sides  for  safety  guards 
used  on* cylindrical  grinding  machines  shall  not,  exceed 
180  degrees,  ^is  exposure  shall  bcfgxn  at  a  point  not 
more  than  65  degrees  above  the  horizontal  plane  of  the 
wheel  spindle.  ^  ' 

Surface  grinders  and  cutting-off  machines.  The  maxi- 
mum arigulaj  exposure  for  safety  guards  used  on  cCftting- 
off  machines  and  on  surface  grinding  machines  which 
employ  the  wheel  periphery  shall  not  exceed  150  degrees. 
This  exposure  shall  begin  at  "a  point  not  less  than  15 
degrees  below  the  horizontal  plane  of  the  wheel  spindle. 

Swing  frame  grinders.  The  maximum  angular  exposure  of 
the  grinding  wheel  pferiphery  and  sides  for  safety  guar.ds 
used  on  machines  known*  as  swing  frame  grinding  ma- 
chines shall  not  exceed  180  degrees,  and  the  top  half  of 
the  wheel  shall  be  enclosed  at  all  times. 


1*66 


♦  Machine  Guarding 


There  are  ca»s  of  grinding  where  only, the  top  of  the  wheel  is 
used.  OSHA  regulations  state: 

Where  the  work  is  applied  to  the  wheel  above  the  hori- 
zontal centerline,.  the  exposure  of  the  grinding  wheel 
periphery  shall  be  as  small  as  possible  and  shalUnot  ex- 
ceed 60  degree^. 

Suitable  racks,  bin^  or  drawers  should  be  provided  to  store  the 
various  types  of  wheels  used.  Stored  wheels  should  not  be  subject 
to  extremes  of  temperature  and  humidity.  Wheels  can  be  ^ainaged 
by  high  humidity  and/or  freezu^g  temperatures, 

A  method  of  inspecting  abrasive  wheels  has  been  mandated  by 
OSHA.  Tlie  requirements'  describe  in  some  detail  the  ring  test  to 
be  used: 

Immediately '  before  mounting,  all  wheels  shall  be  care- 
fully inspected  and  sounded  by  the  user  (ring  test)  to 
make  sure  they  have  not  been  damaged  in  transit,  storage 

^#or  otherwise.  The  spindle  speed  of  the  machine  shall  be 
checked  before  n\ountuig  of  the  wheel  to  be  certain  that 
it  do^  not  exceed  the  maximum  operating  speed  marked 
on  the  wheel.  Wheels  should  be  tapped  gently  with  a 
light  nonmetallic  implement,  such  as  the  handle  of  a 
screwdriver  for  light  wheels,  or  a  wooden  mallet  for 
heavier  wheels.  If  they  sound  cracked  (dead),  they  shall 

*  not  be  used.  ' 

Wheels  must  be  dry  and  free  from  sawdust  when  apply- 
'  ^  ing  the  ring*  test;  otherwise  the  sound  will  be  deadened. 
It  should  alsoi  be  noted  that  organic  bonded  wheels  do  . 
not.i^emit  the  same  clear  metallic  ring  .as  do  vitrified 
and  smcate  wheels. 

'fap  wheels  about  45  degrees  each  side  of  the  vertical 
centerline  and  about  1  or  2  inches  from  the  periphery 
(see  Figure  62).  Then  rotate  the  wheels  45  degrees  and 
repeat  the^  test.  A  sound  and  undamaged  wheel  will  give 
.  a  clear  metallic  tone.  If  crackedv  there  will  be  a  dead 
sound  and  not  a  clear  ring.  This  is  known  as  the  "ring" 
test. 

Because  most  defective  wheels  break  when  first  started,  new 
wheels  should  be  run  at^  full  .operating  speed  for  at  least  one 
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'Reprinted  from  Sas/c  Principles  of  Machinery  Safe- 
guarding, U,S.  Department  of  Labor,  Bulletin  276 
(1965),  p.  54.  • 

Figure  62 


minute  before  work  is  applied.  During  this  test  period,  the  oper- 
ator should  stand  well  away  from  the  machine. 

As  the  wheel  wears  down,  the  spindle  ^peed  is  sometimes  in- 
creased to  maintain  the  surface  speed.  Therefore,  when  the  worn 
wheel  is  replaced,  the  spindle  speed  must  be  adjusted.  Otherwise 
the  new  wheel  nay  break  because  it  is  operating  at  a  surface  speed 
that  exceeds  the  manufacturer's  recommendations. 

Grinding  machines  should  be  provided  with  a  means  of  limiting 
the  diameter  of  the  wheel  which  can  be  mounted.  The  safety 
guard  is  generally  satisfacto>7  for  this  purpose  on  single  speed 
machines. 
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On  variable  speed  machines,  the  speed  shifting  device  should  be 
connected  with'^n  adjustable  guard  or  another  diameter  limiting" 
device  to  prevent  the  mountmg  of  a  wheel  which  might  run  at 
higher  than  the  recommended  surface  speed. 

When  operating  grbding  wheels  on  equipment  especially  designed 
for  high  speed,  it  should  be  the  responsibility  of  the  user  to  main- 
tain this  equipment  in  iaf^  operating  condition  at  all  times.  Rules 
for  the  safe  operation  of  this^  equipment  submitted  by  the  Builder 
should  be  observed. 

If  an  existmg  machine  is  altered  by  the  user  to  operate  at  special 
speeds,  the  user  must  assume  all  of  the  responsibility  -of  the 
machine  builder. 

< 

The  user  should  fully  jnform  all  operating  personnel  that  only 
wheels  identified  for  operation  at  special  speed  should  be  used  and 
that  at  no  time^should  the  maximum  speed  marked  on  the  wheel 
be  exceeded.  Protection  to  operating  personnel,  as  well  as  adjacent 
areas,  should  be  maintained  at  all  times.  ^ 

Grinding  machines  should  be  supplied  with  sufficient  power  to 
maintain  the  r:ated  spindle  speed  under  all  conditions  of  normal 
operation.  \^ 

Stationary  machines  used  for  dry  grinding  should  have  provision 
made  for  connection  to  an  exhaust  system. 

Flanges  are  collars,  diski-anj^ates  between  which  wheels  are 
mounted.  Gnnding  machines  musTTTe  equipped  with  flanges  in 
accordance  with  OSHA  requirements: 

All  abrasive  wheels  shall  be  mounted  between  flanges 
which  shall  not  be  less  than  1/3  the  diameter  of  the 
wheeU  Exceptions: 

1.  mounted  wheels 

2.  portable  wheels  with  threaded  inserts  or  projecting 
studs 

3.  abrasive  disks  (inserted  nut,  inserted  washer  and  stud 
type) 

4.  plate  mounted  wheels 


Maintainmg  Grinding 
Equipment 


Altered  Machinery 


Inform  All  Operating 
Personnel  . 


Power 

Exhaust  Provisions 
Flanges 
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5.  cylinders,  cup  or  segmental  wheels  that  are  mounted 
in  chucks 

6.  types  27  and  28  wheels 

7.  certain  internal  wheels 

8.  modified  types  6  and  11  wheels  (terrazzo). 

Because  the  major  stresses  produced  in  an  operating  grinding 
wheel  tend  to  combine  and  become  greatest  at  the  hole,  stresses  . 
due  to  mounting  and  driving  should  act  as  far  from  the  hole  as 
practicable.  This  is  best  accomplished  by  using  flanges  at  least  as 
large  as  one-third  the  diameter  of  the  wheel. 

OSHA  recognizes  three  types  of  flanges:  straight  relieved  flanges, 
straight  unrelieved  flanges  and  adaptor  flanges. 

Straight  relieved  flanges  "shall  be  recessed  at  least  1/16  inch  on 
the  side  next  to  the  wheeP*  at  a  distance  which  is  specified  in  the 
dimen^ons  for  these  flanges.  Straight  flanges  of  the  adaptor  or 
sleeve  type  "shall  be  undercut  so  that  there  will  be  no  bearing  on 
the  sides  of  the  wheel  within  1/8  inch  of  the  arbor  hole." 

OSHA  further  requires  that  flanges  "be  dimensionally  accurate 
and  in  good  balance.  There  shall  be  no  rough  surfaces  or  sharp 
"edges."  Although  exceptions  are  made  for  Type  27  and  28  wheels 
and  modified  Types  6  and  11  wheels,  OSHA  requhres  that  both 
flanges  between  which  a  wheel  is  mounted  "shall  be  of  the  same 
diameter  and  have  equal  bearing  surface." 

All  flanges  must  be  maintained  in  good  condition.  "When  the 
bearing  surfaces  become  worn,  warped,  sprung  or  damaged,  they 
should  be  trued  or  refaced." 

Blotters  are  used  for  several  reasons.  They  tend  to  cushion  the  - 
pressure  of  the  flanges  against  high  points  or  uneven  surfaces  and 
distribute  the  pressure  evenly.  They  prevent  damage  to  the  sur- 
faces of  the  flanges  from  the  abrasive  surface  of  the  wheel.  They 
provide  better  transmission  of  the  driving  power  to  the  wheel. 

OSHA  requires  that  "blotters  (compressible  washers)  shall  always 
be  used  between  flanges  and  abrasive  wheel  surfaces  to  insure"" 
uniform  distribution  ol  flange  pressure."  Exceptions  are  made  for 
those  kinds  of  wheels  which  do  not  require  flanges. 
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OSHA  requires: 
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,  On  offhand  grinding  machines,  work  rests  shall  be  used  to 
support  the  work.  They  shall  be  of  rigid  construction  and 
designed  to  be  adjustable  to  compensate  for  wheel  wear. 

The  rest  never  should  be  adjusted  while  the  wheel  is  in  motion. 
The  rest  may  slip,  strike  the  wheel  and  break  it;  or  the  operator 
may  catch  his  finger  between  the  wheel  and  the  rest. 

The  industrial/vocational  education  teacher  or  supervisor  who 
wants  to  promote  shop  safety  will  take  some  additional  steps 
when  grinding  machines  are  used. 

He  will  make  sure  that  the  students  are  trained  in  the  hazards 
presented  by  grinding  machines. 

He  will  be  certain  that,  when  a  wheel  has  been  mounted,  the 
safety  guard  is  properly  positioned  before  the  wheel  is  started. 

He  will  be  certain  that  the  grinding  machine  is  run  at  operating 
speed  with  the  safety  guard  in  place  for  at  least  one  minute  before 
any  work  is  applied.  During  this  test  period  he  will  make  sure  that 
no  one  stands  near  the  machine. 

f 

When  a  grinding  wheel  is  broken  in  service,  the  instructor  must 
initiate  an  investigation  unmediately  to  find  out  why  the  wheel 
broke.  In  this  way,  not  only  will  he  be  certain  that  the  shop  is  in 
con:pIiance  \vith  all  state  and  federal  regulations  but  also  he  will 
take  steps  to  prevent  breakage  in  the  future. 

We  have  examined  in  this  unit  the  fundamental  issues  involved  in 
machine  guarding.  The  hazardous  mechanisms  which  need  to  be 
safeguarded  have  been  described.  OSHA  requirements  for  guarjd- 
ihg  at  the  point  of  operation  and  at  the  power  source  have  been 
detailed  along  with  suggestions  for  safe  operation  of  machines 
commonly  found  in  the  industrial/vocational  education  shop. 
The  basic  types  of  guards  have  been  described,  and  the  character- 
istics of  good  guards  have  been  discussed. 

^As_pjrt--oL^e- safety '-and  'hifdth'  pfog^^  in  the  school  shop, 
machine  guarding  is  not  optional  but  mandatory.  With  the  in- 
formation derived  from  this  unit,  the  industrial/vocational  educa- 
tion instructor  and  supervisor  can  evaluate  whether  the  machines 
in  their  shops  are  guarded  adequately  and  can  take  the  necessary 
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steps  to  coftiply  with  regulations  devised  for  their  well-being  and 
the  welfare  of  Me  students  who  work  in  their  shops. 


NOTES  ^ 

1.  Accident  Prevention  Manual  for  industrial  Operations,  7th  ed. 
(Chicago:  National  Safety  Council,  1974);  p.  795. 


2.  Guards  illustrated,  3rd  ed.  (Chicago:  National  Safety  Counoil, 


3.^  Ad^pt9d^f[roxii)  Supervisors  Safety  Manual,  Stli  ed,  (Chicago: 
,rSlf  '  ^      "   ^" 


NatiortS  Safety  CouncU,  1978),  p.  •297. 


4.  Adapted  from  A^JSI  0.1.1,  America*  National  Standard, 
Safety  Requirement  for  Woodworking  >^lachinery,  1971, 
p.  22. 

5.  American  National  Standard  Safety  Requirements  for  Wood- 
working Machiriery,  pp.  18—19. 

6.  American  National  Standard' Safety  Requirements  for  Wood/ 
working  Machinery,  p.  19. 

7.  Adapted  from  Accident  Prevention  Manual,  pp.  841—842. 
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QUESTIONS  AND  ANSWERS. 


^  

1.  ^What  is  guarding?  * 


Guarding  is  a  means  of  effectively  preventing  workers  from 
coming  into  contact-with  those  moving  parts  of  machinery  or 
eqt'-^ment  which  could  cause  physical  harm. 


2.  Name  three  sources  of  injury  that  guarding  can  protect  against. 



Any  three  from  among  the  following: 

a.  direct  contact  with  tlie  moving  parts  of  a  machine 

/ 

b.  contact  with  work  in  progress 

c.  mechanical'failure 

d.  electrical  failure 

e.  human  failure  (error).  .   ^        "^^  . 


3.  oWhat  are  three  of  the  five  hazardous  mechanisms  which  need  to  be  safeguarded? 

i 

Any  three  from  among  the  following: 

J*  , 

a.  rotating  mechanisms 
^  b.  cutting  and  shearing  mechanisms 

c.  inrunning  nip  points 

d.  screw  or  worm  mechanisms  <  * 

e.  forming  or  bending  mechanisms. 
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4.  What  haz'ard  is  presentee^  by  an  inrunning  nip  point?  ^ 


A  nip  point  draws  in  objects,  including  parts  of  the  body,  and 
crushes,  mangleacr  flattens  thetn. 


5.  What  are  the  two  poiijts  at  which  guarding  is  required? 


a.  D^nt  of  operation 
'  b.  power  transmission 


*  6.  What  is  a  point  of  operation? 

The  point  of  operation  is  the  area  on  a  machine  where  the  work 


i*"  actually  performed  upon  the  material.  -> 


Jl.  Naqie  the  four  basic  types  of  guards  and  indicate  which  is  the  preferred  type. 

a.  fix?d  enclosure 

b.  interlocking 

'  c.  automatic  '  ^ 

d.  remote  control,  placement,  feeding  and  ejecting 
The  fixed  enclosure  guard  is  the  preferred  type. 
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8.  In  thiis  unit  we  have  outlined  ten  requirements  for  an  acceptable  guard.  Name  six. 


Any  SCI  from  "among  the  following: 

a.  It  should  protect  the  operator. 

b.  It  should  protect  others  nearby.  ^ 

c.  It  should  be  a  permanent  part  of  the  machine. 

d.  It  should  be  convenient. 

e.  It  should  prevent  access  to  the  danger  zone. 
L   It  should  allow  access  for  servicing.  * 

g.  ^  It  should  be  durable. 

h.  It  should  be  easy  to  repair. 

i.  It  should  not  create  an  accident  hazard  in  itself* 

j.    It -should  conform  to  appropriate  standards. 
0 
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UNITie  4^ 

SAFETY  AND  HEALTH  CONSIDERATIONS  IN  WELDING  AND  CUTTIn6  OPERATIONS 


METHODS 


PURPOSE 


OBJECTIVES 


Lecture  and  Demonstration 


LENGTH:  60  Minutes 


SPECIAL  TERMS 


INSTRlKyrOR 
MATERIALS 


TRAINEE 
MATERIALS 


To  teach  the  participant  to,  recognize  and  control  safety  and  health  hazards  in 
welding  and  cuttiug  operations. 


To  inform  the  participant  of  the: 

L  Safe  handling  and  storage  of  compressed  gas  cylinders 

2.  Safe  use  of  welding  equipment  components 

3.  Steps  in  setting  up  the  apn^atus,  lighting  the\torch  and  shutting  down  th^ 
apparatus 

4.  Hazards  pi^sented  by  arc  welding 
5*  LocatiQiys  where  welding  and  cutting  are  prohibited 

6*  Specific  responsibUities  of  instructors  and/or  supervisors  in  creating  a  safe 
working  environment* 


V  Valve  Protection  Cap 

2.  Creeping 

3.  Reverse-Flow  Check  Valve 
1  Back^e 

5.  Flashback 


Lesson  Plan 

35  mm  Slides,  Projector  and  Screen . 
Chalk  Board/Chalk 


Participant  Outlines  and  Supplementary  Materials 


UNITie 


"SAFETY  AND  HEALTH  CONSIDERATIONS  IN  WELDING  AND  CUTTING  6kRATI0NS 


In  oux  discussion  of  health  hazards  in  Unit^  13,  the  dangers  of  some 
common  processes  and  operations  in  the  industrial/vocational 
education  shop  were  listed.  For  welding  and  cutting,  the  hazards 
arise  from  toxic  gases  and  iumes,  radiation,  electrical  circuits  and 
flammable  and  cohibustible  materials.  This  unit  will  describe 
safe  operating  procedures  in  welding  and  cutfing,  procedures 
which  remove  or  at  least  minunize  hazards  while  improving  the 
^  quality  of  the  work  done.  We  first  will  examine^  gas  welding  and 
oxygen  cutting  and  then  proceed  to  arc  welding.  Finally  we  will 
see  in  what  locations  welding  and  cutting  are  prohibited  and  what 
are  the  specific  responsibilities  of  the  industrial/vocational  educa- 
tion instructor  and  supervisor.  ■ 

A.  gas-welding  process  unites  metals  by  heating  them  with  the 
flame  from  the  combustion  of  a  fuel  gas  or  gases.  Somfetimes  the 
process  includes  the  use  of  pressure  and  a  filler  metal." 

Ah  o^iygeri-cutting  process  severr  or  removes  metSl  by  the  chem- 
ical reaction  of  the  metal,  with  oxygen  at  an  elevated  temperature 
maintained  with  h^at  from  the  combustion  of  fuel  gases.l 

The  presence  of  oxygen  is  required  to. support  any  burning  pro- 
cess. Oxygen  musti>e  combined  with  a  "fuel"  gas  to  produce  the 
desired  operating  flame.  Oxygen  itself  is  not  flammable  or  explo- 
sive; however,  the  presence  of -pure  oxygen  drastically  increases 
the  speed  and  force  with  which  burnipg  takes *place.  Its  presence 
can  turn  a  small  spark  into -a  roaring  flame.  Combustible  materials 
bum  much  more  rapidly  in  oxygen  than  in  air.  Oxygen  also 
orms*  explosive  mixtures,  in  certain  proportions  with  acetylene 
and  other  combustible  gases.  ^ 
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Oxygen  is  ordinarily  supplied  in  standard  drawn  steel  cylinders. 
T^ie  244-cubic  footN^ylinder  is  the  most  commonly  used,  but 
smaller  and  larger  sizes  are  avaUable.  Full  oxygen  cylinders  are 
pressurized  from  2000  to  2600  pounds  per  square  inch.  Oxygen 
cylinder  contents  can  be  determined  by  reading  the  cylinder 
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DEFINITIONS 
Qas  Welding 


Oxygen  Cutting 


WELDING  AND  CUTTING 

GASES 

Oxygen 


Oxygen  Cylinders 
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Labeling  Oxygen  Cylinders 


Keeping  Oxygen  Away  from 
Grease  and  Oil* 


.Acetylene  • 


6000°F  =  3316°C 
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pressure  gauge  on  the  regulator  when  in  use.  Half  the  full  cylinder 
pressure  rating  indicates  that  half  the  volume  (cubic  feet)  ol oxy- 
gen remains.  The  maximum  charging  pressure  is  always  stamp.ed 
on  the  cylinder. 

7     •  . 

/  • 

Oxygen  always  must  be  labeled  with  its  proper  name  "oxygen.V 
It  rftust  never  bfe  labeled  "air."  Serious  injury  easily  may  result  if 
oxygen  is  used  as  a  substitute  for  compressed  air.  Oxygen^  should 
i}ever  be  .used  in  pneumatic  tools,  in  oil  preheating  burners,  to 
start  internal  combustion  engines,  to  blow  out  pipe  lines,  to  dlist 
clothing  or  work,  to  create  pr<?ssure  ot  for  ventilation.' 

In  cylinders  of  oxygen,  there  is  §s  much  as  2600  psig  pres^re* 
When  the  pressure  is  r'^leased  from  the -cylinder  through  the 
regulator,  the  speed  at  .which  the  oxygen  travels  exceeds  the  speed 
of  sound,  and  heat  ^nd  friction  are  generated.  Oil  and  grease  be- 
come highly  explosive  in  the  presence  of  oxygen  under  pressure. 
Every  gauge  made  to  ^  used  with  oxygen  has  this  information  ^ 
printed  on  the  side  6f  it.  OSHA  requires  (in  1910.252): 

.  Cylinders,  cylinder  valves,  couplings,  regulators,  hose  and 
apparatus  shall  be  kept  free  from  oily  or  .greasy  sub- 
stances. Oxygen  cylinders  or  apparatus  shall  not  be 
•  handled  with  oily  hands  or  gloves.  A  jet  of  oxygen  must 
never  be  permitted  to  strike  an  oily  surface  or  greasy 
clothes  or  to  enter  a  fuel  oil  or  other  storage  tank. 
•  * 

Acetylene  is  a  combination  of  carbon  and  jxydrogeh  (C2  H2 ).  It 
is  produced  when-  calcium  carbide  is  submerged  in  water.  The 
Escaping  gas  from  the  acetylene  generator  is  then  trapped  in  a 
gas  chamber  to  be  compressed  into  cylinders  or  fed  intp  piping 
systems.  ^ 

Acetylene  burned  with  oxygen  can  produce  a  highe^  ftame  tem- 
perature (approximately  6000°F)  than  any  other  gas  used  com- 
mercially. It  ignites  readily  and  in  certain  proportions  forms  a 
flammable  mixture  with  air  or  oxygen.  Its  range  of  flammable 
limits  i§  from  2.5  to  81  percent  acetylene  in  air;  a  range  greater 
than  that  of  other  commonly  used  gases. 

Acetylehe  is  an  unstable  gas  when  compressed  in^its  gaseous  state 
above  15  psig.  Under  no  condition^  states  OSHA,  "shall  acetylene 
be  generated,  piped  or  utilized  at  a  pressure  in  excess  of  15  psig." 

This  requirement  does  not  apply  to  the  storage  of  acetylene 
dissolved  in  a  suitable  solvent  in  cylinders'  approved  by  ethe  U.S: 
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Departmeni  of  Transportation.  Unlike  oxygen,  acetylene,  because 
of  its  unstable  character,  caiinot  be  stored  in  a  Jiollow  cylinder 
under  high  .pressure.  Therefore,  acetylene  cylinders  are  filled  with 
a  porous  material,  creating  in  effect  a  solid  as  opposed  to  a  hollow 
cylinder.  The  porous  filling  is  then  saturated  with  liquid  acetone. 
When  acetylene  is  pumped  into  the  cylinder,  it  becomes  dissolved 
jn  the  Itquid  acetone  throughout  the  porous  filling  and  is  held  in 
a  stable  condition.  Since  acetylene  is  highly  soluble  in  acetone  at 
cylinder  fOling  pressure,  large  quantities' of  acetylene  can  be 
stored'in'comparatively  scnall  cylinders  at  relatively  low  pressure. 

Acetylene  for  welding  and  cutting  is  usually  supplied  in  cylinders 
having  a  capacity  up  to  about  300  cubic  feet  of  dissolved  acety- 
lene under  pressure  of  250  psi  at  70^. 

A 

Other  fuel.^ases  (e.g.,  propane,  butane  and  their  mixtures)  are 
used  with  oxygen  in  torches,  primarily  for  oxygen  cutting.  These 
are  supplied  in.  cylinders  in  liquid  form,  generally  under  various 
trade  names. 

Serious  accidents  can  result  from  the  misuse  and  mishandling  of 
compressed  gas  cylinders.  ANSI  Z49.1-1967,  Safety  in  Welding 
and  Cutting,  establishes  standards,  for  the  marking,  handling  and 
storage  of  cylinders.  This  standard  forms  the  basis  for  OSHA  29 
CFR  1910.252,  the  federal  regulations  applying  to  welding, 
cutting  and  brazing. 

OSHA  states: 

Compressed  gas  cylinders'shall  be  legibly  marked,  for  the 
purpose  of  identifying  the  gas  content,  with  either  the 
chemical  or  the  trade  name  of  the  gas.  Such  marking  shall 
be  by  means  of  stenciling,  stamping  or  labeling,  and  shall'  • 
not  be  readOy  removable.  Whenever  practical,  the  mark- 
ing shall  be  located  on  the  shoulder  of  the  cylinder. 

It  is  Olegal  to  tamper  with  the  numbers  and  markings  stamped  into  * 
cylinders. 

Only  cylinders  which  carry  the  approval  'of  the  U.S.  Department 
of  Transportation  should  be  accepted.  OSHA  requires: 

All  portable  cylinders  used  for  the  storage  and  shipment 
of  compressed  gas  shall  be  constructed  and  maintained  in 
accordance  with  th$  regulations  of  the  U.S.  Department 
;     of  Transportation. 


70°F  =  21°C 
Other  Fuel  Gases 


HANDLING  CYLINDERS 
Applicable  Standards 


Marking  Cylinders 


DOT  Approval 
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Moving  Cylinders 


Valve  Protection  Caps 


Steadying  Device 


Cylinder  Truck 


U^d  Only  for  Containing  Gas 


Used  in  Rotatiori^ 


V 
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Cylinders  meeting  these  specifications  are  manufactured  under 
close  supervision,  subjected  to  severe  testing  and  provided  with 
proper  safety  devices. 

Cylinders  should  be  moved  by  tUting  and  rolling  them  on  their 
bottom  edges.  Dragging  and  sliding  cylinders  across  a  surface 
should  be  avoided;  such  a  practice  exposes  the  cylinders  to  un- 
necessary wear.  It  is  preferable  to  move  cylinders  in  a  suitable 
cradle  or  cart.  When  cylinders  are  transported  by  vehicle,  they 
should  be  secured  in  position.  According  to  OSHA,  cylinders 
**shall  not  be  dropped"  or  struck,  nor  should  they  be  permitted  to 
strike  each  other  violently  because  "rough  handling,  knocks  or 
falls' are  liable  to  damage  the  cylinder,  valve  or  safety  devices  and 
cause  leakage." 

OSHA  requirements  state: 

All  cylinders  .with  a  water  weight  capacity  of  over  thirty 
pounds  shall  be  equipped  with  means  of  connecting  a 
.  valve  protection  cap  or  with  a  collar  or  recess  to  protect 
the  valve.  y 

Valve  protection  caps  ar^,  designed  to  protect  yalves  from  damage. 
OSHA  states  that  "valve  protection  caps  shall  not  be  used  for 
lifting,  cylinders  from  one  vertical  position  to  another-"  Before 
raising  oxygen  cylinders  from  a  horizontal  to  a  vertical  position, 
the  cap  should  be  properly  in  place  and  turned  clockwise -to  be 
sure  it  is  hand-tight. 

A  suitable  cylinder  truck,  chain  or  steadying  device  should  be  used 
tc^keep  cylinders  from  being  knocked  over  whUe  in  use. 

If  a  cylinder  truck  is  used,  care  must  be  taken  to  ensure  its  safe 
condition.  Worn  or  beiit  wheels  should  be  replaced;  support 
chains  must  be  present  and  in*  good  condition;  and,  if  the  truck 
is  equipped,  with  a  braking  device,  such  a  device  must  be  kept  in 
working  condition.'  *  / 

Cylinders  must  "never  be  used  ,as  rollers  or  supports;  whether  full 
or  empty."  Their  only  purpose  is  to  contain  gas( 

Full  cylinders  of  oxygen  and  fuel  gas  should  be  used  in  rotation  as 
received  from  the  supplier.  Cylinders  alw^s  should  be  considered 
full  and  handled  as  such  unless  otherwise  marked.  Accidents  have 
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occurred  when  containers  under  partial  pressure  were  thought  to 
be  empty. 

Empty  cylinders  should  be  marked  "empty"  or  "MT"  and  segre- 
gated from  full  cylinders  to  avoid  confusion.  They  ^ould  be 
returned  to  the  supplier  as  soon  as  possible.  All  valves  must  be 
closed,  and  valve  protection  caps  must  be  in  place. 

According  to  OSHA,  "acetylene  cylinders  shaU  be  stored  valve 
end  up."  If  acetylene  cylinders  are  stored  in  a  horizontal  position, 
the  acetone  in  which  the  acetylene  is  dissolved  has  a  tendency  to 
settle  out  to  the  end  of  the  cylinder.  An  explosion  may  occur 
when  the  cylinder  is  opened  and  the  oxygen  and  acetone  are 
ignited.  Storing  cylinders  in  an  upright  position  also  minimizes 
external  conosion  of  the  cylinder  walls. 

OSHA  further  requires  that  "fuel  gas  cylinders  shall  be  placed  with 
valve  end  up  whenever  they  are  in  use.  Liquefied  gases  shall  be 
stored  and  shipped  with  the  valve  end  up." 

When  cylinders  are  stored  inside  a  building,  the  storage  area  must 
be  well  protected,  well  ventilated,  dry  and  at  least  twenty  feet 
away  from  highly  combustible  materials  such  as  oil.  Indoor  storage 
of  fuel  gas  is  limited  to  a  total  of  2,000  cubic  feet  or  300  pounds 
of  LP  gas. 

Cylinders  must  \yj  kept  away  from  stoves,  radiators,  furnaces  or 
other  hot  places.  They  j>:ust  not  be  placed  where  they  might  be- 
come part  of  an  electric  circuit. 

Oxygen  cylinders  must  be  separated  from  fuel  gas  cylinders  and 
combustible  materials.  OSHA  requires  "a  minimum  distance  of 
twenty  feet"  or  "a  noncombustible  barrier  at  least  five  feet  high 
having  a  fire-resistance  rating  of  at  least  one-haTf  hour." 

Storage  areas  must  be  located  where  cylinders  will  not  be  knocked 
over  or  damaged  by  passing  or  falling  objects  and  where  no  one 
can  tamper  with 'them.  Cylinders  should  be  secured  by  such  means 
as  chains  or.  partitions. 

Where  cylinders  are  stored  outside,  they  should  be  protected 
from  accjimulations  of  ice,  snow  and  the  direct  rays  of  the  sun  in 
localities  where  extremely  high  temperatures  prevail. 


Empty  Cylinders 


Storing  Valve  End  Up 


Storing  Inside  Buildings 


Kept  Away  from  Hot  Places 


Mixed  Storage 

20*  =  6  m.    5*  =  1.5  m." 


Assigned  Storage  Space 


Outside  Storage 
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Prying  Loose  Cylinders 


UseofT-Wrench 


Filling  Cylinders 


PROTECTIVE  EQUIPMENT, 
REGULATORS  AND  HOSES 
Protective  Equipment 


Regulators 


According  to  OSHA: 

Bars  and  similar  devices  shall  not  be  used  under  valves 
or  valve  protection  caps  to  pry  cylinders  loose  when 
frozen  to  the  ground  or  otherwise  fixed;  the  use  of  warm 
(not  boiling)  water  is  recomm'^nded. 

A  special  T-wrench  or  key  for  opening  or  closing  the  cylinder 
valve  on  fuel  gas  cylinders  must  always  be  in  position  for  use,  so 
that  the  gas  can  be  turned  off  quickly  in  case  of  emergency. 

Filling  cylinders  is  a  delicate  process  requiring  special  equipment 
and  training.  Therefore,  OSHA  states  that  only  the  gas  supplier  is 
allowed  to  mix  gases  in  a  cylinder  and  that  "no  one,  except  the 
owner  of  a  cylinder  or  person  authorized  by  him,  shall  refill  a 
cylinder." 

Fuel  gas  piping  must  have  approved  protective  equipment  in- 
stalled in  it  to  prevent:  • 

« 

1.  backflow  of  oxygen  into  the  fuel  gas  supply  system 

2.  passage  of  a  flashback  into  the  fuel  gas  supply  system 

3.  excessive  b^ck  pressure  of  oxygen  in  the  system. 

Back-pressure  protection  requires  an  approved  pressure-relief  de- 
vice  set  at  a  pressure  not  greater  than  the  pressure  rating  of  the 
backflow  and  flashback  protection  devices. 

Regulators  or  reducing  valves  must  ^e  used  on  both  oxygen  and 
fuel  gas  cylinders  to  maintain  a  uniform  fas  supply  to  the  torches 
at  a  correct  pressure.  Uncontrolled  pressure  is  dangerous  in  itself. 
A  properly  adjusted  regulator  also  afcts  as  a  safety  device,  tending 
to  stop- any  flashback  from  entering  the  cylinder  where  it  might 
cause  serious  damage. 

Each  regulator,  whether  oxygen  or  fuel  gas,  should  be  equipped 
with  both  a  high  pressure  (contents)  gauge  and  a  low  pressure 
(working)  gauge.  According  to  OSHA,  "pressure-reducing  regula- 
tors shall  be  used  only  for  the  gas  and  pressures  for  which  they 
are  intended." 

Pressure  gauges  should  be  tested  periodically  for  accuracy.  If  the 
gauges  have  been  scrained  so  that  the  hands  do  not  register  prop- 
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erly,  the  regulator-  must  be  replaced  or  repaired  before  it  is  used 
again. 

When  regulators  are  connected  but  not  in  use,  the  pressure- 
adjusting  device  should  be  released:  Cylinder  valves  would  never 
be  opened  until  the  regulator  is  drained  of  gas  and  the  pressure- 
adjustingjevice  fuUy  released. 

The  regulator  if  a  delicate^  piece  of  equipment  and  must  be  han- 
dled carefully  at  .all  times.  Hammers  or  wrenches  must  not  be 
used  to  open  or  close  cylinder  valves.  According  to  OSHA,  "the 
supplier  shall  be  notified"  if  valves  cannot  be  opened  by  hand. 

If,  a  regulator  "creeps,"  the  cylinder  should  be  closed  and  the 
regulator  removed  for  repairs.  "Creeping"  is  indicated  on  the  low 
nressure  (delivery)  gauge  by  a  gradual  increase  in  pressure  after 
the. torch  valves  are  closed. 

A  reverse-flow  check  valve  oft  the  regulator  and  torch  handle 
reduces  the  possibility  of  mixing  gases  in  the  hoses  and  regulators. 
Once  the  torch  is  lit,  mixed  gases  will  burn  rapidly  and  can  ex- 
plode in  the  hoses,  regulator]^  or  cylinders.  Such  an  explosion  can 
result  in  injury  to  the  welder  and  serious  damage  to  the  equip- 
ment. 

Reverse-flow  check  valves  are  screwed  onto  the  regulator's 
outlet  connection.  They  should  be  tightened  securely  with  the 
proper.wrench. 

Oxygen  and  acetylene  hoses  should  be  color  coded  to  prevent 
confusion.  According  to  ANSI,  the  generally  recognized  colors 
are:  . 

•  red  for  acetylene  and  other  fuel  gas  hbse 

•  green  for  oxygen  hose 

•  black  for  inert  gas  and  air  hose. 

Hose  connections  must  be  checked  for  proper  threading.  Standard 
hose  connections  are  threaded  right-hand  for  oxygen  and  left- 
hand  for  acetylene  or  other  fuel  gas.  '^is  helps  prevent  an  acci- 
dental switch  of  oxygen  and  fuel  gas  hosH. 


Care  of  Regulators 


Reverse-Flow  Check  Valve 


Hose  and  Hose  Connections 
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Single  Hose  Not  to  be  Used 


Taping  Hose 


4'^outof  12'*  =  10  cm. 
out  of  30  cm. 

Hose  Couplings 

§ 

Testing  for  Leaks 


RIGHT  HAND 
THREAD 


grlEn  for  oxygen 

HOSE 


RED  ACETYLENE  HOSE 


Reprinted  from  Safety  and  Health  in  Arc  Welding  and  Gas 
Welding  and  Cutting  (Cincinnati:  NIOSH,  1978),  p.  11. 


Oxygen  and  fuel  gas  hoses  are  not  to  be  nsed  interchangeably.  A 
single  hose  having  more  than  one  gas  passage  should  not  be  used. 

OSHA  requirements  state; 

When  parallel  sections  of  oxygen  and  fuel  gas  hose  are 
taped  together  for  convenience  and  to  prevent  tanking, 
not  more  than  four  inches  out  of  twelve  inches  shall  be 
covered  by  tape. 

Hose  couplings  must  be  of  the  type  that  cannot  be  unlocked  or 
disconnected  by  means  of  a  straight  pull  without  rotary  motion. 

The  hose  should  be  tested  for  leaks  by  immersing  it,  under  normal 
working  pressure,  in  water  or  by  using  soapy  water  (nonfat  soap) 
or  approved  leaktest  solution. 


Test  connections  for  leoKs  by 
covering  with  o  icok-lcst 
solution  of  SOAPY  WATER. 


Reprinted  from  Safety  and  Health  in  Arc  Welding  and 
Gas  Welding  and  Cutting  (Cincinnati:  NIOSH,  1978), 
p.  12. 
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•Leaks  and  worn  places  in  the  hose  must  be  repaired  at  once  by 
cutting  the  hose  and  remaking  the  joint  with  standard  fittings. 
Leaks  in^the  hose  at  the  nipple  connection  should  be  repaired  by 
cuttinjy^^the  hose  a  few  inches  from  the  end  and  remaking 
the  connection. 

All  leaks  must  be  repaired  at  once.  Escaping  fuel  gas  may  become 
ignited  and  start  a  serious  fire.  The  OSHA  standard  requires, 
"Hose  showing  leaks,  burns,  worn  places  or  other  defects  rendering 
it  .unfit  for  service  shall  be  replaced  or  repaired. "'Splices  are  the 
only  acceptable  way  of  making  repairs;  taping  is  not  satisfactory. 

After  repairing,  hose  connections  should  be  tested.  OSHA  1910.252 
states: 

Hose  connections  shall  be  clamped  or  otherwise  securely 
fastened  in  a  manner  that  will  withstand,  without  leak- 
age, twice  the  pressure  to  which  they  are  normally 
subjected  in  service,  but  in  no  case  less  than  a  pressure  of 
300  psi.  Oil-free  air  or  an,  oil-free  inert  gas  shall  be  used 
for  the  test. 

Hoses  must  be  protected  from  flying  sparks,  hot  slag  or  other  hot 
objects  and  grease  and  oil.  They  should  be  stored  in  a  cool  place. 

Unnecessarily  long  lengths  of  hose  are  to  be  avoided.  They  are 
hard  to  purge  properly,  and  they  tend  to  become  kinked  or 
tangled. 

Torches  are  constructed  of  metal  castings,  Iforgings  and  tubing. 
Usually  they  are  made  of  brass  or  bronze;  stainless  steel  also  may 
be  used.  Torches  should  be  designed  to  withstand  the  rough 
handling  they  sometimes  receive.  Either  they  should  be  listed  by 
Underwriters  Laboratories,  or  they"  should  be  apj^roved  by  an 
agency  such  as  the  Factory  Mutual  System. 

Torches  shoul^  not  be  used  as  hammers  or  to  knock  slag  from 
work.  Such  misuse  can  deform  the  torch  or  tips.  Slag  hammers 
and  wii-e  brushes  should  be  available. 

Gases  enter  the  torch  by  separate  inlets.  They  go  through  the 
valves  to  the^mixing  chamber  and  then  to  the  outlet  orifice,  which 
is  located  in  the  torch  tip.  Several  interchangeable  tips  are  pro- 
vided with  each  torch.  Their  orifices  are  of  various  sizes  to  accom- 
modate the  work  which  needs  to  be  done. 


Testing  Hose  Connections 


Caring  for  Hose 


TORCHES 
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STEPS  IN  SETTING  UP 
THE  APPARATUS 


1.   Inspect  Valve  Threads 


2.  Crack  Cylinder  Valve 


3.  Inspect  Regulators 


4.  ^Attach  Regulators 
to  Valves 


5.   Release  Tension  on 
Adjusting  Screws 


6.  Open  Cylinder  Valves 


•  ERIC 


Ui|^ke  the  welding  torch,  the  cutting'torch  uses  a  separate  jet  of 
oxygen  in  addition  to  the  jet(s)  ofmixed  oxygen  and  fuel  nas.  The 
jets  of  mixed  gases  preheat  the  metal,  and  the  jet  of  pure  oxygen  is 
used  for  cutting.  The  flow  of  oxygen  to  the  cuttmg  jet  is  con- 
trolled by  a  separate  valve. 

Let  us  examine  carefuUy  each  of  the  steps  in  setting  up  a  gas 
welding  aqd  cutting  operation.  If  the  procedure  outlined  is  fol- 
lowed, studeTrts^in  the  industrial/vocational  education  shop  can 
minimize  the  hazards  to  which  they  are  exposed. 

First,  inspect  the  cylinder  valve  threads.  Remove  dirt  or  dust  with 
a  clean  cloth.  If  oil  or  grease  is  detected,  do  not  use  the  cylinder. 

Then  "crack"  each  cylinder  valve  to  dislodge  any  dirt,  dust  or  rust 
that  may  be  present.  To  "crack"  the  valve,  momentarily  open  it 
slightly  and  then  close  it  immediately!  On  a  fuel  gas  cylinder, 
first  make  sure  that  no  source  of  ignition  is  near.  Otherwise  the 
gas  may  ignite  at  the  valve. 

When  "cracking"  the  valve,  stand  behind  or  to  one  side,  not 
directly  in  front  of  the  valve. 

Inspefit  the  regulators.  Remove  dirt  or  dust  with  a  clean  cloth. 
If  oil  or  grease  is  detected,  the  regulator  must  be  cleaned  by  an 
authorized  Service  representative.  If  threads  are  damaged,  they 
must  be  repaired. 

Connect  the  oxygen  regulator  to  the  oxygen  cylinder  valve. 
Tighten  securely  (clockwise)  with  a  regulator  wrench.  Attach  the 
fuel  gas  regulator  to  the  fuel  gas  cylinder.  Tighten  it  securely. 
Do  not  use  a  pipe  wrench  or  pliers.  Be  sure  that  the  connections 
between  the  regulators  and  the.cylinder  valves  are  gas-tight. 

Release  tension  on  the  pressure-adjusting  screws  on  the  regulator 
by  turning  them  counterclockwise  until  they  are  loose.  This  step 
keeps  the  regulator  and  gauges  from  bemg  damaged  when  the 
cylinder  valve  is  opened. 

Being  careful  not  to.  stand  m  front  or  in  back  of  the  regulator, 
open  the  cylinder  valve  slightly.  Never  open  a  cylinder  valve 
suddenly;  the  rush  of  gas  might  stram  the  cylinder  pressure  gauge 
mechanism.  Let  the  hand  on  the  high  pressure  gauge  move  up 
slowly  until  maximum  pressure  is  registered. 
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On  an  oxygen  cylinder  or  any  fuel  gas  cylinder  other  than  acet- 
ylene, gradually  open  the  valve  to  its  fuU  limit  to  completely  seal 
the  valve  packing.  On  an  acetylene  cylinder,  it  .is  best  to  open  the 
valve  no  more  than  3/4  of  a  turn  of  the  spindle;  the  valve  must 
never  be  opened  more  than  1-1/2  turns. 

Before  attaching  hoses  to  welding  torch  handle  or  regulator, 
examine  them  carefuUy.  If  cuts,  bums,  worn  areas  or  damaged 
fittings  are  found,  repair  or  replace  the  hose.  If  oil  or  grease  is 
detected,  do  not  use. 

If  the  hose  is  new,  blow  it  out.  with  oxygen  to  remove  preserva- 
tive talc.  For  a  fuel  gas  hose,  cup  one  hose  end  against  the  outlet 
connection  of  the  oxygen  pressure-reducing  regulator.  Open  the 
regulator  to  about  five  psi  pressure  to  blow  out  the  hose.  Then 
blow  through  the  hose  from  the  mouth  to  purge  it  of  concentrated 
oxygen. 

Connect  the  oxygen  hose  to  the  outlet  of  the  oxygen  regulator. 
Adjust  the  oxygen  regulator  to  allow  three  to  five  psig  to  escape 
through  the  hose.  Allow  oxygen  to  flow  five  to  ten  seconds  to 
clear  the  hose  of  dust,  dirt  or  preservative.  Then  shut  off  oxygen 
flow. 

Attach  and  clear  the  fuel  hose  in  the  same  manner.  . 

Inspect  torch  handje  head,  valves  and  hose  connections.  Remove 
dirt  or  dust  with  clean  cloth.'  Do  not  use  the  torch  handle  if  oil  or 
grease  is  detected  or  if  parts  are  'damaged. 

Attach  the  oxygen  welding  hose  to  the  oxygen  inlet  valve  on  the 
torch.  Attach  the  fuel  hose  to  the  fuel  inlet  on  the  torch.  Fuel 
reverse-flow  check  valves  should  be  used  on  the  tordh  handle. 
Tighten  securely  with  a  wrench. 

Check  for  leaks  with  an  approved  leak-detector  solution.  Bubbles 
will  appear  if  the  connection  is  leaking.  Test  the  following  points 
for  leakage:  cylinder  valve  stem,  regulator  inlet  connection  at  the 
cylinder  valve,  all  hose  connections  and  the  torch  valve. 

If  fuel  'jas  leaks  around  the  valve  stem  when  the  valve  is  opened, 
close  the  valve  and  tighten  the  gland  nut.  This  compress  the 
packing  around  the  spindle.  If  this  does  not  stop  the  leak,  close 
the  valve  and  move  the  cylinder  outdoors.  Attach  a  tag  to  the 


7.  Examine  Hoses 


Connect  Oxygen  Hose  to 
Oxygen  Regulator 


9.  Connect  Fuel  Hose  to 
Fuel  Regulator 

10.  Inspect  Torch 


11.  Attach  Hoses  to  Torch 


12.  Check  for  Leaks 
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13,  Attach  Proper  Head, 
Tip  or  Nozzle  to  Torch 


14.  Adjust  the  Working 
Pressure  ai^d  Purge  Lines 


cylinder  stating  that  it  should  not  be  used*  Notify  the  cylinder 
supplier  immediately. 

If  fuel  gas  leaks  from  the  cylinder  valve  and  cannot  be  shut  off 
with  the  valve  stem  or  if  rough  handUng  should  cause  any  of  the 
fusible  safety  plugs  to  leak,  the  cylinder  must  be  moved  to  an 
open  place  well  away  from  any  possible  source  of  ignition  and  be 
plainly  tagged  as  having  an  unserviceable  valve  or  fusible  plug.  The 
cylinder  should  then  have  its  valve  opened  slightly  to  let  the 
acetylene  escape  slowly. 

While  the  fuel  gas  is  escaping  from  the  cylinder,  a  sign  must  be 
placed  clQse  by  to  warn  everyone  against  coming  near  the  cylinder 
with  a  lighted  cigarette  or  other  source  of  ignition.  To  make  sure 
that  no  fire"  occurs,  a  responsible  person  should  stay  in  the  area 
until  the  cylinder  is  depressured.  The  supplier  should  be  noti- 
fied promptly  and  his  instructions  followed  as  to  the  return  of  the 
cylinder. 

Testing  for  feose  leaks  should  be  done  in  the  manner  described 
earlier  in  this  unit. 

Always  inspect  cone  end,  coupling  nut,  welding  tip  and  torch  head 
before  connecting.  If  damage,  oil  or  grease  is  detected,  do  not 
use. 

Connect  the  welding  tip  to  the  welding  torch  handle,  and  tighten 
the  coupling  nut.  Some  weldmg  and  cutting  heads  require  only 
hand  pressure  when  tightenmg;  others  require  the  use  of  a  wrench. 
Follow  the  manufacturer's  recommendation. 

.  Always  use  the  proper  sized  tip. 

With  all  torch  valves  closed,  slowly  open  the  oxygen  cylinder 
valve.  Open  the  torch  oxygen  valve.  Turn  in  the  pressure-adjust- 
ing screw  on  the  oxygen  regulator  to  the  desired  pressure.  Close 
the  torch  oxygen  valve. 

Open  the  fuel  gas  cylinder  valve  (a  maximum  of  1-1/2  turns). 
With  the  torch  fuel  gas  valve  closed,  turn  in  the  pressure-adjustmg 
screw  to  produce  the  desired  pressure. 

Purge  each  line  separately.  Open  the  oxygen  torch  valve  and  re- 
lease oxygen  to  the  atmosphere  for  a  few  seconds.  Then  close  the 
valve.  Do  the  same  for  the  fuel  gas,  first  making  sure  that  there 
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arc  iiu  Ignition  sources  nearoy  and  that  the  area  is  weU  ventilated. 

Use  the  proper  gas  pressures  for  the  size  of  the  head,  tip  or  nozzle 
selected. 

In  ll^htin^  thp  ^nroh  2inrf  arfincfinrr  fliA  flomrv    •«1*v.»«*m  r^il   ...  ii_ 

*i*  ugiibiiig  wic  iuxv.li  djia  aajusiing  aie  iiamey  always  follow  the 
manufacturer's  directions  for  the  particular  model  torch  being 
lised. 

LIGHTING  THE  TORCH 

The  following  precautions  are  necessary  ' 

TV                 .  • 

Precautions  ^ 

1.  Always  wear  safety  goggles  when  working  with  a  lighted 
«          *  torch. 

2.  Never  use  matches  for  lighting  torches.  Hand  burns  rrfffy 
: '  tr                 ^^s"'*  ^^^^  this  practice.  Use  friction  lig^iters,  stationary 
pilot  flames  or  a^similar  IcniHnn  Qnnrpp 

3.  Never  use  acetylene  at  pressures  above  15  psig.  To  do  so  is 
uiiooxc  oiiu  viuidi^b  KJoriA  sianaarQSy  insurance  reflations 
and,  in  many  cases,  municipal  and/or  state  laws. 

4.  Always  check  the  area  to  make  certain  that  no  ignition 
sources  (flame,  sparks,  hot  slag  or  metal,  etc.)  are  present. 

> 

5.  Never  use  equipment  that  has  ccAne  in  contact  with  oil  or 
grease  or  that  needs  repairs. 

In  general,  four  steps  are  followed  in  lighting  the  torch.  ^ 

Procedure 

.  Open  the  torch  oxygen  valve  to  produce  a  small  to  moderate  flow 
of  ffas  (about  1/4  tum^  \ 

1.  Open.Torch  Oxygen  Valve 

Open  the  torch  fuel  gas  valve  to  prqduce  a  flow  somewhat  greater 
than  the  oxvcen  flow  (ahnut  1/9  fum\ 

2.  Open  Torch  E:uel  Gas 
Valve 

•  '   Immediately  light  the  mixture  at  the  tip,  using  a  friction  lighter 
or  stationary  pilot  flame.  Point  the  flame  away  from  persons  and 
-cylinders. 

3.  Light  Tip 

Adjust  the  flame  by  opening  the  torch  oxygen  valve  until  a  bright 
neutral  flame  is  reached. 

4.  Adjust  Flame 

A  backfire  is  a  loud  popping  or  snapping  noise  associated  with  the 
momentary  extinguishment  of  the  flame  at  the  torch  tip.  It  may 

BACKFIRES  AND 
FLASHBACKS 
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Backfires 


Flashbacks 


Causes  of  FlashbackL 


Procedure 


SHUTTING  DOWN  THE 
APPARATUS  . 


1.  Shut  Off  Torch  Valves 


be  caused  by  tou^hmg  the  tip*  agamst  the  work,  by  overheating 
the  tigt  by  operating  the  tip  at  pressures  other  than  those  recom- 
mended, by  a  loose  tip  or  heac^.pr  by  dirt  on  the  seat.  If  the  wovk 
is  hot  enough,  the  torch  can  be  relighted  at  once. 

If  it  cannot  be  relighted  instantly,'  a  torch  lighter  must  be  used. 
Before  relighting  the  torch,  .the  cause  of  the  backfire  should  be 
determined. 

* 

A  flashback  occurs  when  the  flame  burns  back  inside  the  torch 
or,  if  an  explosive  mixture  is  present  in  one  of  the  lines,  into  hoses 
or  regulators.  Usually  a  flashback  is  accompanied  by  a  shrill  hissing 
or  squealing.  Sometimes  there  is  a  smoky  or  sharp  pointed  flame. 

A  flashback  indicates  that  something  is  very  wrong,  either  with  the 
torch  itself  or  with  the 'way  4t  is  being  used.  Flashbacks  can  be 
caused  by  faUure  to  purge,  improper  pressures,  distorted  or  loose 
tips  or  niixer  seats,  kinked  hose,  clogged  tip  or  torch  orifices  or 
overheating  the  tip  or  torch.  A^j  - .  ^ 
« * 

To  stop  the  flashback  at  on%,  it  is  necessary  to  close  the  torch 
oxygen  valve.  Then  the  fuel  gas  valve  should  be  closed  and  the 
torch  allowed  to  cool  off  before  relighting.  Oxygen  should  be 
blown  through  the  tip  for  a  few.  seconds  to  clear  out  any  soot 
which  may  have  accumulated.  In  a  cutting  torch,  oxygen  should 
be  blown  through  both  the  preheating  and  the  cutting  orifices. 
If  a  flashback  bums  the  hose,  the  burned  section  must  be  dis- 
carded and  any  new  hose  purged  before  connecting  it  to  the  torch 
and  regulator. 

When  the  welding, operation  is  completed,  certain  steps  must  be 
taken  to  shut  down  the  apparatus  safely.  This  procedure  prevents 
leaks  which  coyld  cause  a  serioUsfire  ^nd  reduces  the  likelihood  of 
a  regulatot  fire  when  Ihe  oxygen  cylinder  valve  is  opened  again. 

Shut  off  the  fuel  gas  and  oxygen  valves  in  the  order  recommended 
by  the  torch  manufacturer.  If  the  oxygen  valve  is  shut  first,  the 
fuel  gas  flame  enlarges  appreciably  and  the  welder  can  be  burned. 
Unburned  fuel  gas  also  escapes  mto  the  work  area,  sometimes  in 
the  form. of  carbon  ''feathers."  However,  if  the  fuel  gas  valve  is 
shut  first,  a  pop  or  band  ma'V  occur.  This  noise  can  distract  nearby 
workers,  increasing  the  likelihood  of  accidents.  It  also  throws 
carbon  soQt  back  into  the  torch,  eventually  partly  clogging  gas 
passages. 
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• 

Close  both  cylinder  valves.          *                      •     *  ' 

2.  Close  Cylinder  Valves , 

J              Both  the  oxygen  and  fuel  valves  need  to  be  drained  in  order  to 
release  all  pressure  from  the  hose  and  regulator.  Pressures  should 
not  be  relieved  simultaneously. 

Let  the  oxygen  in  the  system  drain  out.  Then  close  the  oxygen 
valve.  After  the  regulator  gauge  reading  has  reached  zero,  release 
the  pressure-adjusting  screw. 

3.  Open  Torch- Valves,  Turn 
Out  Pressure-Adjusting 
Screw  and  Close  Torch 
Valves 

X  uuuw  wie  b<iiii6  proteuuFc  lor  cne  luei  vaive.  wnen  releasing  tne 
fuel  pressure,  care  must  be  taken  that  a  fire  hazaid  is  not  createjd 
by  the  release  of  fuel  gas.                      »  ^ 

\ 

uiiLuupit;  uie  regulator,  wnen  regulators  are  to  oe  out  oi  service 
for  several  weeks  or  longer,  it  is  good  practice  to  turn  in  the 
.     pressure-adjusting  screw  just  enough  to  move  the  regulator  valve 
off  its  seat. 

• 

4.  Uncouple^Regulator 

The  regulators  mu^t  be  removed  before  moving  the  cylinders. 
Replace  the  cap  over  the  cylinder  valve  when  empty  and  mark  the 
cylinder  "MT.'' 

5.  Remove  Regulators.Before 
Moving  Cylinders 

When  shutting  down  the  apparatus  for  a  brief  interval  (less  than  an 
hour),  close  only  the  torch  valves.  Le^e  the  hose  and  torch  in  an 
uluciijr  iajjiiiuxi  ou  tiidt  tney  win  not  ue  ciamageQ. 

Precautions  * 

\  ^ 

Never  hang  a  torch  or  hose  on  a  regulatdur  or  cylinder  valve  unless 

*th6  cvlino^r  ^)nH  fnrph  v^iIvpc  i^ro  pIaca^I  anrl  fha  Ki/\ca  tc  ^«*o«nek/1  r\f 
ujriiiivtcA  aiiu.tuiL.li  vdivca  die  Lioseu  diiQ  tne  nose  IS  uraineo  oi 

gas.  \ 

Never  crimp  hose  to  halt  temporarily  the  flow  of  gases  (for  exam- 
^  pie,  when  changing  a  torch  or  tip). 

When  shutting  down  for  an  extended  oeriod  all  annaratus  <:hnit1H 
be  disconnected  and  stored. 

&  I 

/          .  ■ 

Arc  welding  is  a  process  of  joining  metals  by  means  of  the  heat 
created  by  ah  electric  arc.  The  pieces  to  be  welded  are  placed  in 
puMtiuii,  diiu  tiie  uiicnse  neas  oi  •tne  eiectric  arc  appiiea  to  tne 
joint  melts  the  metal.  Pressure  may  be  applied,  and  filler  metal 
may  be  used.  Wfien  the  joint  cools,  it  becomes  one  solid  piece. 

ARC  WELDING  AND 

CUTTING 

Arc  weiamg 

t 

Shielded  welding  uses  gas  and  flux  to  blanket  the  welding.  It  is 
•  • 

Oas-Shielded  Arc  Welding 
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Arc  Cutting 


Welding  Leads 


Hazards 


RADIATION  HAZARDS 
Ultraviolet  Radiation 


us^d  tot  joining  metals  which  oxidize  readUy  at  high, tempera- 
tures (e.g.»  copper,  aluminum,  stainless  steel)/ 

Arc  cutting  has  been  replaced  for  the  most  part  with  arc-oxygen 
cutting  (especially  useful  for  metals,  that/do  not  oxidize  readily); 
„plasma  arc  cutting  (for  qual?,ty  cuts),  and  carbon  arc-air  cutting 
(for  smooth  cuts). 

Arc  welding  and  cutting  requitx,  cwo  welding  leads,  the  electrode 
lead  and  the  work  leaid,  from  the  source  of  cunent.  Usually  one 
lead  is  connected  to  the  electrode  holder;  the  other  cable,  connec- 
ted to  the  work,  is  the  most  satisfaptory  means  of  providing  the 
grounding  circuit  to  the  welding  machifie. 

The  rrincip^  hazards  presented  by  arc  welding  are:  .  y 

1-.  intense  ultraviolet,  visible  and^infrared  radiation 

2.  production  of  ozone  and  nitrogen  Oxides 

3.  action  of  ultraviolet  rays  on  chlorinated  hydrocarbon 
vapors 

•    4.  prodiiction  of  toxic  fumes  from^  meltingvtoxic  metals  or 
metal  alley 

5.  production  of  carbon  monoxide 

6.  splatter  of  molten  metal 

7.  handling  high  pressure  gas  in  cylinders  and  manifolds 

8.  electrical  shock.^. 

The  first  five  hazards  were  discussed  in  Unit  13,  Health  Hazai'ds 
(se^  especially  Appendix  B,  Toxic  and  Corrosive  Agents).  In  Unit 
14,  Personal'  Protective  Equipment,  the  hazards  presented  by 
molten  metal  were  examined.  Earlier  in  this  unit  we  outlined  the 
requirements  for  handling  compressed  gas  cylinders.  The  follow- 
ing discussion,  while  reviewing  some  of  the  other  dangers,  will 
emphasize  the  hazard  of  electrical  shock. 

Production  of  ultraviolet  radiation  is  high  in  gas-shielded  arc 
welding.  For  example,  a  shield  of  argon  gas  around  the  arc  doubles 
the  intensity  of  the  ultraviolet  radiation.  With  the  greater  current 
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Safety  and  Health  Considerations  in  ^freldine  and  Cfuttinc  Ooerations 

densities  required  (particularly  with  a  consumable  electrode),  the 
intensity  may  be  five  to  thirty  times  as  great  a^with  non-shielded 
•  welding. 

1 

Infrared  heats  the  tissue  with  which  it  comes  in  contact.  Unless 
the  heat  causes  an  ordinary  thermal  burnf  there  is  no  harm. 

Infrared  Radiation 

Wherever  possible,  arc  welding  jjperations  should  be  isolated  so 
that  other  students  will  not  be  expwjed  to  either  direct  or  re- 
^fleeted  rays.  Walls,  ceilings  and  other^  exposed  inner  surfaces 
should  be  painted  with  a,  finish  of  ^low- reflectivity,  such  as  zinc 

oxide  and  lampblack.    *           ^              *            '  ' 

'         '         '  ft 

Isolation  of  Welding 

Operations               '                 '  - 

^       Arc  welding  stations  for'regular  production  work  can  be  enclosed 
in  booths  if  the  size  of  the  work  permits.  The  inside  of  the  booth  ^ 
snouid  be  pamted  with  a  fmish^of  low  reflectivity  and  provided 
with  portable  noncombustible  or  flameproof  screens  similarly 
painted  or  witn^curtams.  Booths  and  screens  should  be  designed  to 
permit  circulation  of  afr  at  the  floor  level. 

> 

,0  ^ 
Welding  should  not  be  done  near  vapor-degreasing  operations  or 
spray  bcfoths.  Such  degreasing  solvents"  as  trichloroethylene  can 
•  decompose  under  ultraviolet  radiation  and  become  dangerous. 

• 

uorLH  requires  ^  1571  u.ZDZ), 

Face  and  Eye  Protection 

Helmets  or  hand  shields  shall  be  used  during  all  arc 
weiumg  or  arc  cuiimg  operations,  exciuamg  suomerged 
arc  welding.  Goggles  also  should  be  worn  to  provjde  pro- 
*              tection  from  injurious  rays  from  ac^acent  worTc,  and  from 
flying  objects.  .  .  .'  Helpers  of  attendants  shall  be  pro- 
vided with  proper  eye  protection. 

; 

•            .  "Goggles  or  other  suitable'eye  protection*'  are  also  required  during 
all  gas  welding  or  oxygen  cutting  operations. 

OSHA  requires  that  these  Helmets  and  hand  shields  ''be  made  of  a 

material  which  is  an  insulator  rm*  hp^f  anH  pIpcfriniH;**  anH  fhuf 

ihey  are  not  readily  flammable.  .  ^ 

9 

\ 

1 

* 

Specifically, 'helmets  and  hand  shields  must  be  arranged  "to  pro- 
tect the  face,  neck  and  ears  from  direct  radiant  energy  from  the 
arc.*' 

If  cracks  occur  in  helmets  or  hand  shields,  they  must  be  discarded 
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2*'  -5  cm. 

4-1/8"  -  lO-l/^cm.  * 


Protective  Clothing 


Handling  Hot  Metal 


CONTAMINANTS 


immediately.  The  arc  rays  against  which  they  no  longer  offex 

protection  can  cause  serious  burns. 

\ 

Protective  shields  are  provided  with  a  gla^S  windoW^the  standard 
size  being  2  inches  by  4-1/3  inches.  This  glass  protects  the  eyes  . 
from  molten  metal  splatter.  The  gl?ss  must  be  composed  so  as  to 
absorb  the  infixed  rays,  the  ultraviolet  rays  and  most  visible  rays 
emanating  from  the  arc.  ^    ^  \ 

In  selecting  welding  lenses  and  goggles,  it  5^  important  to  consider 
the  manufactiirer*s  reputation  and  his  experience  in  the  produc- 
tion of  welding  equipment,  as  well  as  the  results  of  scientific  tests 
of  the  lenses. 

Unit  14  contains  a  discussion  of  eye  and  face  protection.  See 
especially  Figure  37  (page  14-11),  which  Ulustrates  various  pro- 
tectors and  indicates  which  are  recommended  for  specific  opera- 
tions, including  welding.'  See  also  Table  18  (page  14-13),  which 
gives  the  fUter  Jens  shade  numbers,  to  protect  the  eyes  against 
particular  welding  operations. 

In  cases  of  irritation  or  flash  burn,  a  physician  should  be  con- 
sulted immediately. 

Clothing  must  not  only  keep  off  the  splatter  and  moHen  particles 
but  also  must  obstruct  the  fays  of  the  arc.  An  arc-burn  on  the  skin 
resembles  a  sunburn  except  that  it  is  usually  more  intense.  Dark- 
colored  shirts  are  preferred  to  light  ones  because  arc  rays  readily 
penetrate  light-colored  fabrics. 
♦  ♦ 
Gloves  should  be  woni  at  all  times  to  protect  the  hands  and 
wrists.  When  extensive  welding  operations  are  to  be  performed 
in  the  vertical  and  overhead  positions,  leather  sleevelets,  aprons 
and,  in  some  cases,  le^ngs  should  be  employed  to  prevent  severe 
burns  from  splatter  and  molten  metal. 

Students  should  be  cautioned  against  picking  up,  either  with  bare 
or  ^oved  hands,  pieces  of  metal  which  have  been  welded  or^ 
heated.  The  stub  ends  of  discarded  electrodes  also  can  cause  burns. 

Another  major  hazard  created  by  welding  operations  is  the  pro- 
duction of  contaminants,  either  as  byproducts  or  as  the  result  of 
the  operation  itself.  OSHA  requires  (1910.252): 

Local  exhaust  or  general  ventilating  systems  shall  be 
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'provided  and  arranged  to  keep  the  amourtt  of  toxic 
Luiiit7d|  goat^  or  uusuo  oeiow  tne  niaxiinuro  aiiowaoie 
concentrations .  • .  ^^^^^^^^ 

I 

uuution  ventuation  f' 

ventilation  is  sufficient.  That  is,  enough  fresh  air  can  be  added  to 
ui<?  i^uuutimudi^u  ou  iXj  tnat  uazaiuous  conceiiuations  uo  not 
develop.  However,  the  effeSctiveness  of  dilution  ventilation  de- 
pends on  several  factors: 

•    the  size  of  the  space  in  which  welding  or  cutting  is  done, 
e^ecially  the  height  of  the  ceilings' 

1 

•    the  total  number  of  welders  working  within  the  space 

•    the  hazardous  chemical  or  physical  agents  produced  by 
the  welding  or  cutting. 

,  OSHA  requires  mechanical  ventilation  when  welding  or  cutting  is 
done 

•    in  a  work  space  of  less  than  10,000  cubic  feet  per  welder 

'  ill  a  room  icas  inan  siXLeen  leeL  nigu  ' 

lb  =  5  m. 

•    in  confined  spaces  or  where  the  welding  space  contains 
partitions,  balconies  or  j^ther  structural  barriers  that  ob- 

■>«        Q^TIli^f  prince  von filnffrtn 

Otherwise,  natural  ventilation  should  be  sufficient  for  most 
.    welding  and  cutting  activities.  ^  , 

• 

When  dilution  ventOation  is  used,  it  must  move  at  least  2,000 
cubic  feet  of  air  per  minute  per  welder,  unless  local  exhaust  hoods 
and  booths  are  used  to  control  fumes  where  they  are  produced. 

In  Unit  13  sevenJ  methods  of  local  exhaust  ventilation  were 
described:  fixed  enclosures,  freely  movable  hoods  and  down-draft 

Local  Exhaust  Ventilation 

A  new  development  in  local  exhaust  ventilation  is  the  extractor 
nozzle.  In  this  system,  a  slotted  exhaust  chambo^  is  installed  as 
part  of  the  welding  equipment  itself.  The  slotted  exhaust  chamber 
IS  positioned  to  allow  the  wgIHgit  a  clear  view  of  thp  plprtroHp 
The  contaminated  air  from  the  welding  operation  is  drawn 
through  the  chamber  to  an  exhaust  system. 

Extractor  Nozzle 
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Exhaust  Gases 


ELECTRICAL  HAZARDS 


Open  Circuits 


,  Open  Circuits  at  High  Current 


SHIELDING  GAS 


SHIELDING  GAS 
NOZZLE 

ELECTRODE 
WIRE  GUIDE  TUBE 

7ZZS 


TO 

■EXHAUST 
PUMP 


AIR  CUSHION 
WORKPIEC^ 


WELDING  ARC 

Design  concept  for  wttdirg  gun. 


Reprinted  from  Safety  and  Health  in  Arc  Weld' 
ing  and  Gas  Welding  and  Cutting  (Cincinnati: 
NIOSH,  1978),  p.  34. 


If  gasoline-driven  welding  machines  are  operated  indoors,  exhaust 
gases  must  be  piped  outside  in  order  to  avoid  carbon  monoxide 
poisoning. 

Arc  welding  processes  depend  on  the  intense  localized  heat  fvom 
applied  electrical  energy,  not  from  a  chemical  reaction.  Electrical 
hazards  are  many,  but  careful  operation  can  prevent  most  ac- 
cidents. ^ 

• 

The  polarity  switch  changes  the  flow  of  electric  current  from  one 
terminal  to  another;  that  is  either  from  positive  (reverse  polarity) 
to  negative  (straight  polarity)  or  the  reverse.  The  range  switch  or 
tap  switch  helps,  the  operator  of  a  DC  welding  generator  equipped 
v^th  a  system  of  tapping  into  the  welding  circuit  to  obtain  the 
desired  current  setting.  Thesc  switches  should  be  operated  only 
wnen  the  machine  is  idling  and  the  welding  circuit  is  open. 

Arcing  is  apt  to  occur  if  the  circuit  is  open  at  high  cr-'-ent,  re- 
sulting in  burns  to 

1.  the  person  throwing  the  switch 

2.  the  contact  surfaces  of  th.e  switch. 
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Every. pow?r  circuit  should  be  grounded  to  prevent  accidental 
shock.  03HA  requires  that  the  "grounding  of  the  welding  machme 
frame  shall  be  checked.  Special  attention  shall  be  given  to  safety 
ground  connections  of  portable  machines."  Otherwise  a  stray 
'  current  may  give  a  severe  shock  if  one  hand  is  placed  on  the  motor 
and  the, other  on  the  switch  bo:^  or  other  grounded  equipment.  - 

Conduits  containing  electrical  conductors  and  pipelines  miist  not 
be  used  to  complete  a  work-lead  circuit. 

Arc  welding  is  done  with  either  a  metallic  or  a  carbon  electrode. 
For  gas-shielded  metal  arc  welding,  the  electrode  is  a  solid  or 
flux-cored  vfixe.  For  sfiielded  metal  arc  welding,  the  electrode  is 
a  covered  wire. 

The  electrode  holder  consists  of  a  heat-resistant  handle  and  a 
clamping  device  for  holding  the  electrode.  It  is  so  designed  that 
the  electrode  can  be  gripped  firmly  at  any  angle  and  held  in  that 
positi'^in.  A  fully  insulated  electrode  holder  reduces  the  likeli- 
hood of  accidentally  striking  an  arc.  •  '  ' 

Electrode  holders  will  become  hot  during  welding  operations  if 
Tiolders  designed  for  light  work  are  used  on  heavy  welding  or  if 
connections  between  'le  cable  and  the  holder  are  loose. 

The  jaws  of  the  electrode  holder  should  be  maintained  tight  and 
the  gripping  surfaces  in  good  condition  to  provide  close  contact 
with  the  electrodes.  Defective  jaws  will  permit  the  electrode  to 
wobble  and  render  control  of  the'' welding  operations  difficult. 
The  connection  of  the  electrode  lead  to  the  holder  should  pref- 
erably be  brazed.  If  the  older  type  mechanical  connection  is  used, 
it  should  be  maintained  tight  at  all  times. 

The  voltage  between  the  electrode  holder  and  the  ground,  during 
the  *'off "  arc  pqriod,  is  the  open  circuit  voltage.  Unless  the  v  elder 
uses  the.  equipment  provided  for  his  protection,  he  can  become 
exposed  to  this  voltage  while  changing  electrodes,  setting  up  work 
or  changing  working  position.  This  danger  is  particularly  great  dur- 
ing hot  weather  when  he  is  perspiring. 

The  welder  should  keep  his  body  insulated  from  both  the -work 
and  the  metal  electrode  and  holder.  He  should  never  permit  the 
bare  metal  part  of  an  electrode,  the  electrode  insulation  or  any 
metal  part  of  the  electrode  holder  to  touch  his  skin  or  damp  cloth- 
ing. He  never  should  change  electrodes  with  wet  gloves  or  bare 


Grounding 


Electrodes  and  Electrode 
Holders 
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Cables 


/ 

hands     when  standing  on  wet  floors  or  grounded  surfaces. 

When  welding  is  to  be  interrupted  for  more  than  an  hour,  OSHA 

Euires  that  the  machine  he  disconnected  from  the  power  source, 
t  all  electrodes  be  removed  from  the  holders  and  that  the 
ders  be  ''carefully  located  so  that  accidental  contact  cannot 
occur." 

OSHA  regulations  state: 

Electrode  holders  when  not  in  use  shall  be  so  placed  that 
they  cannot  make  electrical  contact  mth  persons,  con- 
ducting obiects,  fuel  or  compressed  gas  tanks. 

When  not  in  use,*  the  electrode  holder  must  never  be  left  in  contact 
with  the  table  top  or  other  metallic  surface  in  direct  contact  with 
the  welding  ground.  An  insulated  hook  or  holder  should  be  pro- 
vided for  the  electrode  holder  when  not  in  use .  The  holder  in 
contact  with  the  ground  circuit  causes  a  dead  short  circuit  on  the 
welding  generator.  Should  the  machine  be  started  up,  this  short 
circuit  would  cause  afi"  excessive  load  or  the  motor  and  could 
damage  the  insulation  and  fuses. 

Great  care  must  be  taken  to  prevent  accidental  contact  of  the 
electrodes,  eiectrode  holders  or  other  live  parts  with  compressed 
gas  cylinders.  Very  serious  explosions  or  fire  may  occur  from  such 
contact. 

Welding  cables  must  not  be  subjected  to  currents  in  excess  of  their 
rating  capacity.  Otherwise  overheating  and  rapid  deterioration  of 
the  insulation  would  occur. 

OSHA  requirements  state: 

Work  and  electrode  lead  cables  should  be  frequently 
inspected  for  wear  and  damage.  Cables  with  damaged  in- 
.sulation  or  exposed  bare  conductors  shall  be  replaced. 
Joining  lengths  of  work  and  electrode  cables  shall  be 
done  by  the  use  of  connecting  means,  specifically  in- 
tended for  the  purpose.  The  connecting  means  shall 
have  insulation  adequate  for  the  service  conditions. 

If  exposed  sections  of  cable  come  in  contact  with  metallic  objects 
grounded  in  the  welding  circuit,  an  arc  may  result.  If  flammable 
material  (e.g.,  oil  or  grease)  happens  to  be  in  the  vicinity,  a  fire 
may  result. 
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All  cable  connections  should  be  tight.  OSHA  requires  that  coUed 
welding  cables  ''be  spread  out  before  use  to  avoid  serious  over- 
heating and  damage  to  insulation."  OSHA  also  forbids  the  use  of 
cables  "with  splices  within  ten  feet"  of  the  electrode  holder. 

A  welder  should  not  coil  or  loop  welding  electrode  cable  around 
parts  of  his  body. 

OSHA  regulations  require  that  welding  cable  and  other  equipment 
be  placed  "clear  of  passageways,  ladders  and  stairways." 

All  wiring  must  be  in  compliance  with  the  NFPA  Code  and  local 
requirements. 

The  voltage  across  the  welding  arc  varies  from  fifteen  to  forty 
volts,  uepending  on  the  type  and  size  of  electrode  used.  To  strike 
the  arc,  the  welding  circuit  rnust  supply  somewhat  higher  voltage. 
This  is  called  the  open  circuit  or  "no  load"  voltage. 

OSHA  requires  that  open  circuit  voltages  be  as  low  as  possible 
consistent  with  satisfactory  welding  or  cutting.  The  following 
chart  summarizes  the  OSHA  regulations: 


Operation 


Automatic 


Type 

Manual 

(mechanized] 

Alternating 

current 

80  volts 

100  volts 

Direct  current 

100  volts 

100  volts 

Reprinted  from  Safety  and  Health  in  Arc  Welding  and  Gas 
Welding  and  Cutting  (Cincinnati:  NIOSH,  1978),  p.  9. 

Proper  switching  equipment  for  shutting  down  the  equipment 
must  be  provided. 

Equipment  used  for  welding  should  be  approved  either  by  the 
National  Electrical  Manufacturing  Association  (NEMA)  or  by  the 
Underwriters  Laboratories. 

The  equipment  must  be  installed  by  a  qualified  electrician,  who  is 
following  the  appropriate  requirements  of  the  National  Electrical 
Code. 

Students  who  are  to  do  welding  must  be  properly  instructed  in 
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LOCATIONS  WHERE 
WELDING  AND  CUTTING 
ARE  PROHIBITED 


1.  In  the  Presence  of 
Combustible  and 
Flammable  Vapors, 
Liquids,  Gases  or  Dusts 
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hazards  of  the  operation  and  the  safe -practices  v/hich  must  be 
followed. 

Because  of  the  hazards  created  by  welding  and  cutting  operations, 
great  care  must  be  taken  in  locating  work  sites  where  they  do  not 
create  fire  hazards  or  endanger  students  working  nearby .% 

Because  of  the  potential  for  fire  and  explosion,  OSHA  lists  four 
locations  where  cutting  or  welding  must  not  be  permitted: 

,  1.  in  the  presence  of  explosive  atmospheres  (mixtures 
of  flammable  gases,  vapors,  liquids  or  dusts  with  air), 
or  explosive  atmospheres  that  may  develop  inside  un- 
cleaned  or  improperly  prepared  tanks  or  equipment 
which  have  previously  contained  jsuch  materials,  or 
that  may  develop  in  areas  with  an  accumulation  of 
combustible  dusts. 

1.  in  areas  near  the  storage  of  large  quantities  of  ex- 
posed,  readily  ignitible  materials. 

3.  in  sprinklered  buildings  while  such  protection  is 
is  impaired. 

4.  in  areas  not  authorized  by  management. 

Welding  and  cutting  operations  should  not  be  permitted  in  or  near 
rooms  containing  flammable  or  combustible  vapors,  liquids,  gases 
or  dusts.  They  must  also  be  prohibited  on  or  inside  tanks  or  other 
containers  which  previously  held  such  materials  unless  these  are 
first  properly  purged. 

When  fire  and  explosion  hazards  have  been  eliminated  from  areas 
formerly  containing  these  flammable  or  combustible  materials, 
thorough  ventilation  is  necessary.  Local  exhaust  equipment  » 
should  be  provided  for  removing  the  hazardous  gases,  vapors  and 
fumes  that  ventilation  fails  to  dispel. 

OSHA  requirements  state: 

No  welding,  cutting  or  other  hot  work  shall  be  performed 
on  used  drums,  barrels,  tanks  or  other  containers  until 
they  have  been  cleaned  so  thoroughly  as  to  make  abso- 
lutely certain  that  there  are  no  flammable  materials 
present  or  any  substances  such  as  greases,  tars,  acids 
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or  other  materials  which^  when  subjected  to  heat,  might 
produce  flammable  or  toxic  vapors. 

A  cle^^jising  argent  should  be  used  which  is  appropriate  for  the  gas 
or  liquid  which  was  in  the  container.  Then  the  container  must  be 
cleaned  again,  using  either  water  or  steam. 

In  cooperation  wjfh  the  American  Welding  Society,  ANSI 
A6.0-1965  details  Safe  Practices  for  Welding'  and  Cutting  Con- 
tainers That  Have  Held  Combustibles, 

Welding  and  cutting  operations  should  not  take  place  near  large 
quantities  of  exposed,  readily  ignitible  materials.  Such  materials 
should  be  moved  at  least  35  feet  away  from  the  work  site. 

.  « 
If  neither  the  work  noj  the  material  can  beimoved,  then  combusti- 
bles must  be  protected  with  flameproof  covers  or  sheet' metal. 
According  to  OSHA,  "edges  of  covers  at  the  floor  should  be  tight 
to  prevent  sparks  from  going  under  them." 

Floors  must  be  swept  clean  for  a  radius  of  35  feet  of  such  com- 
bustible materials  as  paper  scraps,  wood  shavings  and  sawdust.  It  is 
best  to  cover  floors  with  metal  or  other  noncombustible  material. 
Covering  the  floor  with  damp  sand  or  wetting  it  down  is  a  less 
desirable  solution.  The  moisture  increases  the  electrical  shock 
hazard  for  arc  welders  and  necessitates  special  protection. 

OSHA  requires: 

Where  cutting  or  welding  is  done  near  walls,  partitions, 
ceUings  or  roofs  of  combustible  construction,  fire-re- 
sistant shields  or  guards  shall  be  provided  to  prevent 
ignitipn.  ^ 

When  welding  is  to  be  done  on  metal  walls,  partitions,  ceilings  or 
roofs,  combustibles  on  the  other  side  should  be  relocated.  If  com- 
bustibles cannot  be  relocated,  OSHA  requires  that  a  "fire  watch 
on  the  opposite  side  from  the  work"  be  provided. 

When  it  is  no^  possible  to  move  materials  that  will  burn  to  a  safe 
distance  from  the  cutting  or  welding  work,  suitable  protection 
must  be  used,  to  keep  back  sparks.  Areas  should  he.  inspected  for 
floor  openings  or  cracks  through  which  sparks  could  fall  or  in 
which  they  could  lodge.  Guards  must  be  large  enough  and  tight 
enough  so  that  they  do  not  permit  sparks  to  roll  ui\derneath  or 


Near  Large  Quantities  of 
Exposed,  Readily 
Ignitible  Materials 
35'  =  11  m. 


Spark  Guards 
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Fire  Watchers 


35'  =  11  m. 


slide  through  openings.  Curtains  should  .be  weighted  down  against 
the  floor  or  ground  so  that  sparks  cannot  possibly  get  underneath. 
Recommended  weights  are  such  objects  as  angle  irons,  pipes» 
bricks  or  sand.  Only  fire-resistant  guards  should  be  used  for  diield- ' 
ing  sparks.  Tarpaulins  should  not  be  used  since  they  may  catch 
fire. 

Ducts  and  conveyor  systems  that  might  carry  sparks  to  distant 
combustibles  must  be  protected  or  shut  down  during  welding  or 
cutting.  Because  cutting  produces  more  sparks  and  hot  slag  than 
does  welding,  safeguards  against  sparks  are  particularly  important 
during  cutting. 

When  welding'or  cutting^is  done  near  ignitible  materials,  a  student 
should  be  assigned  to  see  that- sparks  do  not  lodge  in  floor  cracks. 

OSHA  regulations  require  fire  watchers  "whenever  welding  or 
cutting  is  performed  in  locations  where  other  than  a  minor  fire 
might  develop"  and  in  the  following  specific  situations: 

1.  where  there  is  "appreciable  combustible  material"  (either 
in  materials  or  structural  elements)  closer  than  35  feet  to 
the  welding  or  cutting  operation 

2.  where  "appreciable  combustibles"  are  more  than  35  feet 
away  but  are  easily  ignited  by  sparks 

3.  where ,  waU  or  floor  openings  within  a  35-foot  radius 
expose  combustible  material  in  adjacent  areas 

4.  where  combustible  materials  "are  adjacent  to  the  opposite 
side  of  metal  partitionsiTwalls,  ceilings  or  roofs  and  are 
likely  to  be  ignited  by  conduction  or  radiation." 

Fire  watchers  must  have  some  specific  training,  according  to 
OSHA: 

Fire  watchers  shall  have  fire  extinguishing  equipment 
readily  available  and  be  trained  in  its  use*  They  shall  be 
familiar  with  facilities  for  sounding  an  alarm  in  the  event 
of  a  fire.  They  shaU  ...  try  to  extinguish  (fires)  only 
when  obviously  within  the  capacity  of  the  equipment 
available,  or  otherwise  sound  the  alarm.  A  fire  watch 
shall  be  maintained  for  at  le^  a  half  hour  after  comple- 
tion of  welding  or  cutting  operations  to  detect  and  ex- 
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tinguish  possible  smoldering  fires. 

It  is  not  realistic  to  expect  the  welder  or  cutter  to  be  the  fire 
watcher.  His  attention  should  be  on  his  work,  and  his  gobies  >vill 
obscure  his  peripheral  vision* 

It  is  good  practice  to  provide  each  welding  booth  with  a  Class  B 
and  C  fire  extinguisher  of  a  dry  chemical,  multipurpose  or  carbon 
dioxide  type.  Pails  of  water  and  buckets  of  sand  may  be  useful, 
particularly  to  catch  the  dripping  slag  from  any  cutting  that  is 
being  done. 

If  a  sprinkler  system  needs  to  be  shut  down  for  a  time,  this  should 
be  done  when  no  welding  or  cutting  is  in  progress.  OSHA  prohibits 
cutting  or  welding  "in  sprinklered  buildings  while  such  protection 
is  impaired." 

According  to  OSHA  standards,  "cutting  or  welding  shall  be  per- 
mitted only  in  areas  that  are  or  have  been  made  fire  safe."  Such 
areas  should  be:  , 

1.  of  noRCombustible  or  fire-resistive  construction 

2.  essentially  free  pf  combustible  and  flammable  contents 

3.  suitably  segregated  from  adjacent  areas. 

OSHA  requirements  assign  specific  responsibilities  to  supervisors, 
responsibilities  equally  applicable  to  instructors  and^supenrisors  in 
the  industrial/vocational  education  shop.  These  include: 

1.  responsibility  for  "the  safe  handling  of  the  cutting  or 
weldmg  equipment  and  the  s^fe  use  of  the  cutting  or 
welding  process" 

2.  determining  what  combustibles  and  hazards  are  .present  in 
the  work  location 

•  3.  protecting  combustibles  from  ignition  by  - 

a.  relocation  of  work 

b.  relocation  or  shielding  of  combustibles 

c.  careful  scheduling  of  operations 


Fire  Extinguishing  Equipment 


In  Sprinklered  Buildings 
While  Protection  is 
Impaired 


4.  In  Areas  Not  Authorized 
by  Management 


RESPONSIBILITIES  OF 
INSTRUCTOR  AND/OR 
SUPERVISOR 
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4.  giving  the  cutter  or  welder  assurance  that  conditions  are 
safe  before  work  is  begun 

5.  determining   "that  fire  ^  protection  and  extinguishing 
.  equipment  are  properly  located" 

6.  seeing  to  it  that  fire  watchers  are  on  the  site  when  condi- 
tions require  their  presence. 

The  hazards  presented  by  welding  and  cutting  operations  in' the 
industrial/vocational  education  shop  are  considerable,  but  they 
can  be  controlled  by  allowing  the  operations  only  in  fire  safe  loca- 
tions, providing  adequate  ventUation,  using  the  proper  protective 
equipment^nd  f  olloviing  the  correct  work  procedure. 


NOTES 

1.  Adapted  from  Accident  Prevention  'Manual  for  Industrial 
Operations,  7th  ed.  (Chicago:  National  Safety  Council,  1974), 
p.  948. 

2.  .  Adapted  from  Gas-Shielded  "^Arcs  and  Plasma-Jet  Torches, 
'  NSC  Data  Sheet  552  (Chicago:  National  Safety  Council, 

1965),  p.  2. 
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QUESTIONS  AND  ANSWERS 


1.  Why  is  it  important  to  keep  oil  and  grease,  from  contact  with  oxygen  under  pressure? 

 ^  %  

In  the  presence  of  oxygen  under  pressure,  oil4nd  grease  become 
highly  explosive.  ^ 


2.  What  provisions  for  hoses  and  hose  connections  prevent  confusipn  of  oxygen  and  fuel 
gas? 


The  hoses  are  different  colors:  red  for  fuel  gas  and  green  for 
oxygen.  Hose  connections  are  threaded  right-hand  for  oxygen 
and  left-hand  fdt  fuel  gas. 


3.  To  what  degree  should  cylinder  valves  be  opened? 


Oxygen  valves  should  be  opened  gradually  to  their  full  limit; 
acetylene  valves  must  never  lie  opened  more  than  1-1/2  turns 
(3/4  of  a  turn  is  recommended). 


4.  State  four  safety  precautions  to  observe  when  lighting  the  torch. 

Any  four  from  among  the  following: 

a.  Always  wear  safety  goggles. 

b.  Never  use  matches  for  lighting  the  torch. 

c.  Never  use  acetylene  at  pressures  above  15  psig. 

d.  Make  sure  that  no  ignition  sources  are  present. 
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e.   Never  use  equipment  that  has  come  in  contact  with  oil  or 
grease  or  that  needs  repairs. 


5.  What  are  the  first  steps  to  take  to  stop  a  flashback? 

^  Close  the  torch  oxygen  and  fuel  gas  valves,  ; 

o 

 -  

6.  In  this  unit  we  listed  eight  hazards  presented  by  arc  welding.  Name  four. 

'  Any  four  from  among  the  following: 

a.  radiation 

b.  production  of  ozone  and  nitrogen  oxides 

c.  action  of  ultraviolet  rays  on  chlorinated  hydrocarbon  vapors 

d.  production  of  toxic  fumes  from  melting 

e.  production  of  carbon  monoxide  . 
f»  splatter  of  molten  metal 

g.  handling  high  pressure  gases  in  cylinders  or  manifolds 

h.  electrical  shock. 


7.  OSHA  forbids  cutting  or  welding  in  four  locations.  What  are'they? 

a.  in  the  presence  of  combustible  and  flammable  vapors^ 
•    liquids,  gases  or  dusts 

b.  near  large  quantities  of  exposed,  readily  ignitible  materials 

c.  in  sprinklered  buildings  while  ^^uch  protection  is  impaired 

d.  in  areas  not  authorized  by  management. 
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UNIT  17 
ELECTRICAL  SAFETY 


METHODS 


PURPOSE 


OBJECTIVES 


SPECIAL  TERMS 


INSTRUCTOR 
MATERIALS 


TRAINEE 
MATERIALS 


Lecture  and  Demonstration 


LENGTH:  e^Minutes 


To  provide  a  general  understanding  of  electrical  hazards  in  the  ndustrial/ 
vocational  education  shop  and  to  show  how  they  can  be  controlled. 

To  introduce  the  industrial/vocational  education  supervisor  and  instructor  to: 

1.  The  characteristics  of  electrical  circuits 

2.  Factorsaffectingseverity  of  electrical  shock 

3.  Specific  ways  to  protect  the  human  body  from  becoming  part  of  the 
conductive  path 

4.  The  requirements  of  the  National  Electrical  Code  which  pertain  to  isola- 
tion,  insulation,  groundmg  and  overcurrent  protection 

5.  Ways  to  prevent  damage  to  the  electrical  componencs  of  shop  equipment. ' 


1. 

Current 

8. 

Dead'Front  Construction 

2. 

Ampere 

9. 

Pigtail  Connector 

3. 

Voltage 

10. 

Ground  Fault 

4. 

Watt  . 

11. 

Reversed  Polarity 

5. 

Resistance 

12. 

Overcurrent  Devicet; 

6. 

Ohm 

13. 

Ground  Fault  Circuit  interrupter 

7. 

Groundint'' 

Lesson  Plan 

35  mm  Slides,  Projector  and  Screen 
Chalk  Soard/Chalk  ' 

Participant  Outlines  and  Supplementary  Materials 
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^ELECTRICAL  SAFETY 


jst  people  have  ambiguous^eelings  about  electricity.  On  the  one 
"  hand,  they,  depend  on  it  for  everyday  conveniences  which  they 
take  for  granted.  On  the  other  Jiand,"they  fear  electricity.  One 
.    reason  is  that  electricity  is  the  cause  of  many  publicized  deaths 
throughout  the  nation.  Another  reason  is  that  people  arejunable  to, 
detect  electrical' signals  through  their  sensesjan^il^'^  too  late. 

In "  induslrial/voc  \tional  education  shops  the  hazards  associated 

*  with  electricity  (bums;  sbtJck,'  falls,  electrocution,  fire)  are  greatly 
increased  by  the  numbers  of  power  tools  and  equipment  used  by 

^  students  involved  in  a  variety  of  shop  operations.  When  these 
students  are  unfamiliar  with  the  safe  practices  necessary  to  ensure 
electrical  safety,  the  dangers  become  even  greater. 

r 

Why  is  an  entire  unit  devoted  to  electrical  safety?  In  the  first 
plate,  as  we  saw  in  the  unit  on'  fire  protection,  almost  one-fourth 
of  industrial  fires  are  caused  by  electrical  malfunctions. 

Secondly,  in  any  given  year  over  a  thousand  deaths  result  from 
direct  contact  with  electrical  current.^  This  figure  does  not 
include  deaths  in  fires  caused  by  electrical  malfunctions,  nor  does 
it  reflect  injuries  \frhich  are  not  fatal  (e.g.,  burn  injuries  from 
electrical  flashes). 

•  '  Finally,  electrical  code  violations  are  cited  by  OSHA  five  times 

•  more  frequently  than  the  next  most  common  class  of  violations.^ 
OSHA  standards  are  those  of  the  National  Electrical  Code,  the 
universally  accepted  minim;il  requirements  published  mutually  by 
the  National  Fire  Protection  Association  and  the  American  Na- 
tional Standards  Institute.  Since  all  electrical  bstallations  are 
supposed  to  comply  with  the  requirements  of  the  code,  the 
number  of  violations  is  particularly  noteworthy. 

The  purpose  of  this  unit  is  to  enable  instructors  and  supervisors 
to  recogiiize  and  correct  any  electrical  hazards  existing  in  shop 


INTRODUCTION 


Purpose  of  Unit 
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DEFINITIONS 


Current 


Voltage 


Power 


Resistance 


FACTORS  AFFECTING 
SEVERITY  OF 
ELECTRICAL  SHOCK 


facilities.  In  this  way  fires  can  be  prevented,  electrical  shock 
avoided  arid  safe  operations  maintained.. 

Before,  we  examine  electrical  hazards  further,  it  is  important  to 
define  several  key  terms: 

1.  current,  measured  in  amperes 

2.  voltage,  measured  in  volts, 

3.  power  measured  in  watts       ^  Ck  ^ 

4.  resistance,  measured  in  ohms. 

Current  is  the  rate  at  which  electricity  flows  through  a  circuit.  It 
is  measured  in  amperes.  Because  an  ampere  is  a  very  large  quantity 
in  relatiori  to  its  effect  on  the  body,  the  milliampere  (.001  amp) 
is  used  to  measure  electrical  shock. 

Alternating  current  (AC)  is  a  current  (measured  in  amperes)  which 
alternates  in  frequencies  mea^'ired  in  cycles  per  second  (hertz, 
abbreviated  Hz). 

■% 

Voltage  is  the  pressure  which  ^causes  electricity  to  flew  through  a 
circuit.  Every  electrical  circuit  requires  an  electrical  path  from  one 
terminal  of  the  power  source  to  the  load  (the  device  that  uses  the 
power)  and  a  return  path  from  the  load  to  the  dther  terminal  of 
the  power  source  or  to  the  ground.  The  voltage  is  the  difference 
between  the  two  power  source  terminals.  The  ground  is  literally 
the  earth  and  is  always  at  0  voltage. 

Voltage  is  equal  to  the  product  of  current  (amperage)  and  resist-^ 
ance  (ohmage)  and  is  ipeasured  in  volts. 

Power  is.  the  amount  of  electricity  that  flows  through  the  cir- 
cuit. It  is  equal  to  the  product  of  the  voltage  and  the  current 
(amperage)  and  is  meas,ured  in  watts. 

Resistance  is  anything  that  in^pedes  or  retards  the  flow  of  elec- 
tricity. It  is  measured  in  ohms.  Sometimes  the  term  ^'resistance*' 
is  used  to  apply  to  direct  cunent  (DC),  while  the  term  **imped- 
ance''  is  applied  to  alternating  cUnent  (AC). 

The  severity  of  electrical  shock  is  determined  by  the  amount  of 
current  flow.  The  amount  of  cunent  flow  at  which  cin  individual 
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can  still  let  go  of  an  object  held  by  the  hand  (before  **freezing") 
varies  from  10  to  16  milliamperes.  Respiratory  paralysis  can  occur 
with  30  milliamperes,  and  values  greater  than  75  milliamperes 
cause  ventricular  fibrillation,  discoordinated  heart  action  which 
usually  results  in  death.3 

Sometimes  a  lower  voltage  is  more,  dangerous  than  a  higher  one. 

Higher  voltages  cause  such  violent  muscular  contractions  that  the 

victim  is  thrown  away  from  the  circuit.  Lower  voltages  may 

•'freeze"  the  victim  to  the  circuit.  Since  he  is  unable  to  let  go,  he 

is  exposed  to  a  longer  current  flow, 
f 

The  mild  shocks  caused  by  even  lower  voltages  can  ^cause  acci- 
dents.' Because  of  muscular  contractions,  a  person  may  lose  his 
balance  and  fall.  - 

What  is  frightening  in  these  figures  is  the  small  quantity  of  elec- 
trical energy  required  to  cause  death.  One  researcher  observes  that 
the  current  drawn  by  a  7.5-watt,  120-volt  lamp,  passed  from  hand 
to  hand  or  foot,  is  enough  to  cause  fatal  electrocution.^  This 
amount  of  current  is  readily  obtained  on  contact  with  low-voltage 
sources  of  the  ordinary  lighting  or  power  circuit. 

Current  flow  depends  on  voltage  and  resistance.  Resistance  to 
current  flow  is  mainly  to  be  found  in  the  skin  surface.  When  the 
skin  is  moist,  resistance  decreases  dramatically.  Once  skin  resist- 
ance is  overcome,  current  flows  unimpeded  through  body  tissues 
and  blood.  The  chart  below  illustrates  the  findings  of  Charles  F. 
Dalziel,  who  conducted  pioneer  studies  in  the  field  of  electric 
shock. 


HUMAN  RESISTANCE  TO  ELECTRICAL 
CURRENT 


Resistance 

Body  Area 

(ohms) 

Dry  skin 

100,000  to  600,000 

Wet  skin 

^  1,000, 

Internal  body -hand  to  ^oot 

400  to  600 

Ear  to  ear 

(about)  100 

Current  Flow 


Low  Voltage  vs.  High  .Voltage 


I 


Resistance 
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Variables 


Static  Electricity 


ACCmENT  CIRCUIT 
The  Electrical  Circuit. 


Neutral  Conductor 


Hot  Conductor 


The  protection  offered  by  skin  resistance  decreases  as  voltage 
increases. 

The  severity  of  shock  is  determined  by  amperage,  wnich  depends 
on  several  variables: 

•  voltage,  how  much  electricity  is  involved 

•  resistance,  how  many  ohms  impede  the  flow  of  voltage 

•  '  duration  of  current  flow 

•  frequency  of  electrical  waves  (in  an  alteinating  current) 

•  part  of  the  body  exposed. 

Static  electricity  is  stationary;  it  does  not  involve  a  current.  The 
hazards  of  static  electricity  were  discussed  in  Unit  12,  Fire  Pro- 
tection. 

This  unit  is  concerned  with  the  hazards  of  electrical  circuits.  The 
term  "circuit"  suggests  the  continuous  flow  of  electricity  in  the 
electrical  system.  The  typical  system  consists  of  two  conductors 
or  wires  which,  transmit  the  electrical  energy.  The  electricity  in 
one  wire  is  under  pressure  and  is  trying  to  flow  to  the  other  wire. 
An  electric  current  will  flow  through  any  conductive  object  which 
becomes  connected  between  the  two  wires  of  the  power  system. 
The  object  of  electrical  safety  is  to  prevent  the  human  body  from 
becoming  part  of  the  conductive  path. 

In  the  conventional  power  system  one  of  the  conductors  is  phys- 
ically connected  to  the  earth.  That  portion  of  the  power  system 
is  commonly  referred  to  as  the  neutral  conductor.  Contact  be- 
tween the  human  body  arid  the  neutral  side  of  the  power  sys- 
tem is  usually  established  by  touching  or  being  connected  to  a 
grounded  object.  Students  and  school  personnel  easily  can  come  in 
contact  with  the  neutral  side  of  the  powei  «?vstem  by  touching 
such  grounded  objects  as  metal  machinery,  equipment  or  pipes. 
Grounded  objects  in  direct  contact  with  the  human  body  provide 
an  attraction  or  ''drain**  for  stray  currents  from  other  pief'3s  of 
equipment. 

The  hot  side  of  the  power  system  is  the  conductor  which  is  not 
connected  to  the  earth.  In  cases  where  the  human  body  becomes 
part  of  the  electrical  circuit,  the  hot  side  is  usually  a  piece  of 
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energized  equipment  or  a  wiring  .-device.  When  an  electrical  cur- 
rent flows  between  the  power  circuit  and  any  part  of  the  equip- 
ment in  contact  with  the  body,  then  the  human  body  which  is  in 
contact  with  some  other  grounded  object  becomes  the  path  for 
the  current  The  body  itself  is  grounded. 

What  kinds  of  protection  are  possible  to  prevent  current  from 
flowing  through  the  human  body?  Several  types  come  to  mind: 

1.  isolation 

2.  insulation 

3.  grounding 

4.  overcurrent  protection. 

If  the^power  system  and  the  human  body  do  not  come  in  contact, 
there  can  be  no  accident  circuit.  Barriers  and  enclosures  can  pre- 
vent accidental  contact  with  electrical  equipment.  Live  parts 
should  be  enclosed  whenever  possible.  Adequate  machine  guarding 
is  an  important  part  of  an  electrical  safety  program. 

Electrical  equipment  contains  insulation  .  between  the  power 
circuitry  and  other  parts  of  the  equipment.  Currents  cannot  flow 
through  the  nonconductive  materials  used  for  insulation.  If  this 
insulating  material  deteriorates,  very  high  end  dangerous  currents 
are  released  by  the  equipment.  The  breakdown  in  the  insulation 
of  cords  and  plugs  is  a  frequent  cause  of  electrical  accidents.  We 
will  discuss  electrical  cords  and  fittings  later  in  this  unit. 

Double  insulated  tools  are  accepted  in  the  National  Electrical 
Code  as  an  alternative  to  grounding  in  certain  areas.  Such  equip- 
ment has  two  complete  and  independent  systems  of  insulation. 
Each  system  would  have  to  break  down  in  the  same  spot  for  shock 
danger  to  exist. 

But  there  are  limitations  to  double  insulation. 

1.  Students  may  develop  bad  habit.<;.  For  example,  if  students 
are  being  trained  to  look  for  the  grounding  pin  on  all 
attachment  plugs,  this  **exception  to  the  rule"  will  con- 
tradict rather  than  reinforce  the  practice  which  the  in- 
structor is  advocating. 


MEANS  OF  PROTECTION 


Isolation 


Insulation 
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Overcurrent  Devices 


GUARDING  OF  LIVE 
PARTS 

Description  of  Hazard 


2.  Few  types  of  devices  are  available  in  double-insulated 
form. 

3.  Double  insulation  protects  the  user  only  from  faults  within 
the  device  itself.  It  doe^  not  protect  the  user  from  faulty 
cords  or  plugs. 

Equipment  grounding  directs  possibly  unsafe  amounts  of  elec- 
tricity to  ground.  Both  equipment  and  elec trie aly  systems  are 
grounded  (see  NEC  25Q-1). 

Equipment  grqunding  connects  exposed  noncurrent  carrying  metal 
parts  of  electrical  equipment  to  ground.  This  grounding  prevents 
a  voltage  above  ground  on  these  parts. 

Electrical  systems  are  grounded  to  limit  excessive  voltage  from  , 
lightning,  line  surges  or  unintentional  contact  with  higher  voltage 
lines. 

Both  circuits  and  enclosures  are  grounded  to  cause  overcurrent 
devices  to  operate  in  case  of  insulation  failure  or  ground  faults.. 

Overcurrent  protection  devices  such  as  fuses  and  circuit  breakers 
open  the  electrical  circuit  automatically  in  case  of  excessive  cur- 
ront  flow  from  ground,  short  circuit  or  overload. 

We  will  nov/  examine  in  more  detail  the  subjects  of  the  guarding  of 
live  parts,  the  ase  of  flexible  cords  and  plugs,  grounding  and  over- 
current  protection. 

Parts  connected  to  any  conductor  of  electrical  circuits  should  be 
considered  "live.*'  Current  will  flow  over  all  possible  paths  be- 
tween live  parts  or  from  a  live  part  to  ground. 

This  hazard  can  result  from: 


•  insulation  being  damaged 

•  equipment  being  installed  without  enclosure 

•  enclosures  or  covers  being  removed. 


There  is  always  the  danger  of  persons  or  objects  coming  into  con- 
tact with  live  parts  which  are  not  completely  enclosed.  Persons 
becoming  part  of  the  path  will  be  shocked.  When  metallic  objects 
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NO  ENCLOSURE 


COVEK  MIS3iN6 


Reprinted  from  "Electrical  Hazards,  OSHA 
and  the  National  Electrical  Code/'  Part  IV,  by 
William  S.  Watkins  and  Associates,  Inc. 

come  into  contact  with  live  parts,  the  resulting  short  circuit  can 
cause  arcing  (including  bUnding  sparks)  or  molten  metal  splatter, 
either  of  which  can  in  turn  cause  fires. 

The  Occupational  Safety  and  Health  Administration  in  its  Safety 
and  Health  Standards  (1910.309)  specifies  that  the  requirements 
in  the  National  Electrical  Code  shall  apply  to  the  guarding  of  live 
parts.  What  are  these  requirements? 

According  to  the  NEC  (110-17): 

Except  as  elsewhere  required  or  permitted  by  this  Code, 
live  parts  of  electrical  equipment  operating  at  5C  volts  or 
more  -.hall  be  guarded  against  accidental  contact  by  ap- 
proved cabinets  or  other  forms  of  approved  enclosures, 
or  any  of  the  following  means: 

l:  by  location  in  a  room,  vault  or  similar  enclosure  that 
is  accessible  only  to  qualified  persons 

2.  by  suitable  permanent,  substantial  partitions  or 
screens  so  ananged  that  only  qualified  persons  will 
have  access  to  the  space  within  reach  of  the  live 
parts.  .\ny  openings  in  such  partitions  or  screens 
shall  be  so  sized  and  located  that  persons  are  not 
likely  to  come  into  accidental  contact  with  the  live 
parts  or  to  bring  conducting  objects  into  contact 
with  them 

3.  by  location  on  a  suitable  balcony,  gallery  or  plat- 
form so  elevated  and  ananged  as  to  exclude  unquali- 
fied persons 


Applicable  Standards 
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8*  «  2.4  m. 


Prevention  of  Hazard 


8'  «  2.4  m. 


Working  Clearances 


4.  by  elevation  of  8  feet  or  more  above  the  floor  or 
other  working  surface. 

In  locations  where  electrical  equipment  would  be  ex- 
posed to  physical  damage,  enclosures  or  guards  shall  be 
so  arranged  and  of  such  strength  as  to  prevent  such 
damage. 

Entrances  to  rooms  and  other  guarded  locations  con- 
taining exposed  live  parts  shall  be  mark^sd  with  con- 
spicuous warning  signs  forbidding  unqualified  persons 
to  enter. 

The  intent  of  the  code  is  to  protect  any  person  who  is  in  the 
vicinity  of  electrical  equipment  from  accidental  contact.  Provi- 
sions are  made  for  arranging  and  locating  equipment  so  that  it  is 
accessible  only  to  qualified  persons. 

Several  specific  precautions  can  prevent  contact  with  live  pa^ts  and 
the  resulting  injuries: 

1.  Use  covers,  screens  or  partitions  which  requke  tools  to 
remove  them.  ^ 

2.  Make  sure  that,  if  covers  are  removed  from  such  equip- 
ment as  panels,  motor  covers  or  fuse  boxes,  they  are 
replaced.  ,  \ 

3.  Provide  guards*or  barriers  if  live  parts  cannot  be  enclosed 
completely. 

4.  Even  when  live  parts  are  elevated  the  required  eight  feet, 
caution  students  about  using  in  the  vicinity  objects  such 
as  lonj  metal  rods  w-Jch  can  come  into  contact  with 
these  parts. 

5.  Instruct  students  who  see  exposed  live  parts  to  report  the 
condition  immediately  so  that  it  can  be  corrected.  Unless 
it  is  simply  a  matter  of  closing  a  door,  instruct  students 
never  to  attempt  to  correct  the  condition  themselves. 

6.  Close  unused  conduit  openings  in  boxes  so  that  pencils, 
metal  chips  and  the  like  cannot  enter. 

Until  now  we  have  been  concerned  about  preventing  accidental 
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contact  with  live  parts.  But  the  NEC  has  requirements  to  protect 
the  person,  presumably  a  trained  electrician,  who  is  qualified  to 
work  on  the  equipment.  The  NEC  (110-16)  requires:  "Sufficient 
access  and  working  space  shall  be  provided  and  maintained  about 
all  electric  equipment  to  permit  ready  and  safe  operation  and 
maintenance  of  such  equipment. " 

"t 

Briefly  summarized,  the  code  requires: 

•  a  work  space  at  least  thirty  inches  wide  in  front  of  the 
electrical  equipment 

•  adequate  illumination 

•  sufficient  access  area  to  the  working  space 

•  minimum  headroom  of  6-1/4  feet. 

The  code  forbids  storage  of  materials  in  the  work  space/ Because 
masonry  surfaces  can^be  more  or  less  conductive  .under  various 
circumstances,  the  code  requires  that  concrete,  brick  or  tile  walls 
be  considered  as  grounded.  The  NEC  should  be  consulted  for  the 
minimum  clear  distances  required  for  specific  conditions  involving 
exposed  live  parts  on  such  equipment  as  switches,  panelboards, 
circuit  breakers  and  motor  starters. 

Because  it  can  be  desipied  for  the  particular  type  of  service  and 
location,  fixed  wiring  i^  preferable  to  flexible  cords,  which  can  be 
misused  and  are  more  vulnerable  to  damage.  Among  wiring  meth- 
ods which  can  be  used  in  certain  circumstances  are  armored  cable, 
rigid  metal  conduit,  flexible  metal  conduit,  raceways,  nonmetallic 
sheathed  cable  arid  concealed  knob-and-tube  work.  Which  type  is 
used  will  depend  on  several  factors,  including: 

•  the  building  materials  themselves 

•  the  size  and  distribution  of  the  electrical  load 

•  exposure  to  dampness 

•  exposure  to  corrosives  (oil,  grease,  vapors,  gases,  fumes, 
liquids) 

^  exposure  to  temperature  extremes 

•  the  location  of  equipment. 


30"  =  76  cm. 


6-1/4''  =  1.9  m. 


FLEXIBLE  CORDS 
Fixed  Wiring  Preferred 
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Limitations  of  Permanent 
Wiring 


Classifications  of  Portable 
Cords 


Permitted  Uses  of  Flexible 
Cord 


Permanent  wiring  by  itself  cannot  satisfy  all  the  needs  of  the 
industrial/vocational  education  shop.  Electrical  cords  and  fittings 
provide  the  flexibility  required  for: 

•  maintenance 

•  portability 

•  isolation  from  vibration 

•  temporary  power  needs. 

Therefore,  the  NEC  recognizes  electrical  cords  and  fittings  as  a 
supplement  to  permanent  installations.  However,  their  selection, 
use  and  maintenance  must  be  supervised  carefully,  and  students 
must  be  warned  that  each  use  of  a  cord  creates  an  additional 
hazard.  <^ 

There  are  two  general  classifications  of  portable  cords: 

1.  electrical  cord  sets  with  fittings  used  as  extension  cords. 
These  have  an  attachment,  plug  at  one  end  and  a  cord 
connection  with  from  one  to  six  outlets  at  the  other  end. 

2.  power  supply  cords,  either 

a.  ncn-detachabie— a  flexible  cord  terminating  at  one  end 
in  an  attachment  plug  cap  and-p^fhi^nently  attached  at 
the  other  end  to  some  utilization  equipment  (e.g.,  a 
hand-held  power  saw)  \ 

b.  detachable— a  length  of  flexible  cord  with  an  attach- 
nlent  plug  cap  at  one  end  and  an  appliance  coupler  at 
the  other  end  (e.g.,  some  portable  drills). 

NEC  400-7  specifies  the  situations  in  which  flexible  cord  can  be 
used.  Those  which  might  occur  in  the  industrial/vocational  educa- 
tion shop  are:^ 

;   1.  electrical  fixtures  suspended  from  the  ceiling 

2.  wiring  of  fixtures 

3.  connection  of  portable  lamps  and  appliances 

4.  wiring  of  hoists  and  cranes 
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5.  connection  of  stationary  equipment  to  facilitate  frequent 
interchange 

6.  facilitating  the  reruuval  or  disconnection  of  fixed  or 
stationary  appliances  for  maintenance  or  repair  (e.g., 
water  coolers,  exhaust  fans) 

7.  prevention  of  the  transmissioiiy^f  noise  or  vibration. 

In  the  last  instance,  it  should  be  pointed^out  that  vibration  can  so 
strain  fixed  wiring  that  a  situation  more  hazardous  than  the  use  of 
flexible  cord  is  created. 

The  NEC  (400-8)  prohibits  the  use  of  flexible  cords: 

1.  as  a  substitute  [pr  the  fixed  wiring  of  a  structure 

2.  where  run  thrc/ugh  holes  in  walls,  ceilings  or  floors 

/ 

3.  where  run  through  doorways,  windows  or  similar  openings 

4.  where  attached  to  building  surfaces 

5. ,  where  concealed  behind  building  walls,  ceilings  or  floors. 

The  temptation  in  using  temporary  wiring  is  to  allow  it  to  become 
a  permanent  solution.  Cord  should  not  be  extended  to  some 
distant  outlet  simply  to  avoid  providing  a  needed  fixed  outlet. 
When  new  electrical  needs  are  anticipated,  time  should  be  allowed 
for  the  proper  installation  of  fixed  wiring.  When  temporary  wiring 
is  necessary,  a  schedule  for  its  removal    ^ould  be  established. 

In  all  cases,  both  the  number  and  length  o(  extension  cord**  should 
uB  kept  to  the  minimum  which  is  practical.  Permanent  receptacle 
outlets  should  be  installed  at  convenient  locations  in  order  to 
limit  the  length  of  cord  required  for  the  job. 

Extension  cords  should  be  listed  by  -the  Underwriters  Labora- 
tories, Inc.  Receptacles  and  attachment  plugs,  which  provide  a 
connection  for  the  equipment  grounding  conductor  of  the  cord, 
should  be  listed  for  equipment  grounding  service  by  Underwriters 
Laboratories. 

Cord  that  is  used  in  ways  prohibited  by  the  code  is  likely  to  be 
damaged  by  abrasion  from  adjacent  materials,  edges  or  clamps. 


Prohibited  Uses  of  Flexible 
Cord 


Hazards  of  Temporary  Wiring 
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Special  Hazards  of  Portable 
Hand  Lamps 


Cord  that  is  not  visible  for  its  entire  length  cannot  be  inspected  for 
damage  or  deterioration.  Over  a  period  of  time  damaged  cord  will 
partially  expose  conductors,  vrKh  the  resulting  dangers  of  shock, 
burns  or  fire. 

Where  cord  use  is  permitted,  the  tripping  an  falling  hazard  it 
creates  can  be  minimized  by  keeping  the  cord  off  the  floor.  An 
arrangement  should  be  used  that  suspends  the  cord  without 
abusing  the  cord  materials.  Special  fittings  for  this  purpose  are 
available.  Such  an  arrangement  must  be  high  enough  to  allow 
clearance  beneath  it. 

When  it  is  not  practical  to  string  cords  overhead,  a  rubber  treadle 
can  be  snapped  over  the  cord.  Molded  in  a  light  yellow  color,  the 
treadle  protects  the  cord  and  minimizes  the^tripping  hazard. 

A  cord  should  not  be  pulled  or  dragged  over  nails,  hooks,  tools  or 
other  sharp  objects  that  can  out  the  insulation. 

The  NEC  permits  flexible  cord  only  in  continuous  lengths  without 
splice  or  tap.  If  the  cord  is  damaged,  the  defective  portion  can  be 
cut  out  and  the  remaining  cord  joined  with  the  use  of  an  addi- 
tional  attachment  plug  and  conductor.  ^ 

NEC  regulations  require  that  portable  lamps  be  equipped  with 
"a  substantial  guard  attached  to  the  lampholder  or  the  handle" 
(410-42).  Plastic  or  rubber  insulated  guards^should  be  used: 

1.  where  the  guard  ipight  come  in-^ontact  with  an  electrical 
circuit 

2.  where  deteriorating  agents  such  as  oil  and  grease  may  be 
pj-esent  in  the  work  area. 

Uninsulated  guards  should  be  electrically  continuous  with  the 
equipment  grounding  conductor.  Metallic  guards  must  be  ground- 
ed by  means  of  "an  equipment  grounding  conductor  run  with 
circuit  conductors  within  the  power  supply  cord"  (410-42). 

The  NEC  requires  that  portaole  lamps  "be  equipped  with  a  handle 
of  melded  composition  or  other  matf^rial  approved  for  the  pur- 
pose'' (410-42).  Handles  should  be  made  of  a  high-grade  rubber 
compound  or  a  similar  material  that  gives  maximum  insulation  and 
durability  and  resistance  to  oil  and  to  softening  at  high  tempera- 
tures. At  the  end  where  the  cord  enters  the  handle,  there  should 
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be  a  dust  seal.  Where  the  flexible  stem  enters  the  base  or  stem  of 
a  portable  lamp,  a  bushing  or  its  equivalent  must  be  provided. 
'The  bushing  shall  be  of  insulating  material  unless  a  jacketed-type 
of  cord  is  used"  (410-44).  \ 

Metal  shell,  paper-lined  lampholders  are  specifically  prohibited  by 
the  NEC  (410.42). 

Portable  lamps  used  in  locations  similar  to  the  auto  shop  are    Portable  Lamps  in  Auto  Shops 
subject  to  special  regulation.  The  NEC  states  that  such  lamps  must 
be  equipped  with  handle,  lampholder,  hood  and  substantial  guard 
attached  to  the  lampholder  or  handle.  The  regulation  continues: 

All  exterior  surfaces  which  might  come  in  contact  with 
battery  terminals,  wiring  terminal  or  other  objects  shall 
be  of  nonconducting  material  or  shall  be  effectively 
protected  with  insulation.  Lampholders  shall  be  of 

unswjtched  type  and  shall  not  provide  means  for  plug-in  > 
of  attachment  plugs.  Outer  shell  shall  be  of  molded  com- 
position or  otheir  material  approved  for  the  purpose. 
(511-2) 


The  various  types  of  cords  apt  to  be  used  in  an  industrial/voca-  Choosing  the  Proper  Cord ^ 
tional  education  shop  are  listed  in  Table  23,  The  letter  J  in  a 

TABLE  23 


TYPES  OF  FLEXIBLE  CORD 

Trade 
Name 

Type 
Letter 

Size 
AWG. 

Number 

0^ 

Conduc- 
tors 

Insulation 
on  Each 
Conductor 

Outer  Covering 

Use 

Junior  . 

SJ 

^  18 

Rubber 

Rubber 

Pendant 

Damp 

Hard 

Hard 

SJO 

to 
14  . 

2,  3, 
or  4 

Oil*Resistant  Compound 

or 

•  Portable 

Places 

Usage 

'ice 

SJT 

Thermoplastic 

Thermoplastic 

i 

SJJO 

or  Rubber 

Oil  Resistant 
Thermoplastic 

Hard 

S 

18 

Rubber 

Rubber 

Pendant 

Damp 

Extra 

Service 

SO 

to 

Oil*Resistant  Compound 

or 

Places 

Hard 

Cord 

ST 

2 

2  or 
J^ore 

Thermoplastic 

Thermoplastic 

Portable 

Usage 

STO 

or  Rubber 

Oil-Resistant 
Thermoplastic 

NOTE  Flexible  cords  and  cables  shall  be  marked  by  means  of  a  printed  tag  attached  to  the  coil  reel  or  carton.  The 
tag  shall  contain  the  information  required  in  Section  310-1 1  (a)  of  the  Code. 


Ropnnted  with  permission  from  National  Safety  Council  Data  Sheet  1  385  79/'  i>Jattona}  Safety  News,  May  1979,  p,  76. 
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designation  stands  for  Junior.  Residential-type  cords  are  not  de- 
signed to  withstand  the  hard  usage  encountered  in  the  shop; 
they  should  not  be  used. 

Types  S,  SO,  ST  and  STO  cords  are  rated  for  extra  hard  usage. 
They  have  conductors  that  range  in  size  from  18  2  AWG 
(American  Wire  Gauge)  and  are  insulated  with  a  material  suitable 
fjx  voltages  up  to  600  volts.  Types  SJ,  SJO,  SJT  and  SJJO  are 
made  only  in  conductor  sizes  14,  16  and  18  AWG.  They  are  rated 
for  30.0-volt  insulation  and  are  smaller  than  the  extra  hard  usage 
types. 

Both  types  depend  upon  the  chemical  composition  of  the  jacket 
for  the  protection  they  provide  against  abrasion,  water,  oil,  chem> 
icals  and  temperature  extremes. 

The  type  of  cord  and  plug  required  is  related  to  the  type  and  use 
of  the  equipment.  A  cord  and  plug  adequate  for  a  piece  of  equip* 
ment  which  is  hever  moved  may  not  meet  the  greater  wear  de- 
mands of  a  cord  and  plug  used  for  portable  tools. 

The  voltage  impressed  between  the  conductors  or  between  con- 
ductor and  ground  should  not  exceed,  the  voltage  rating  of  the 
cord  itself.  Before  the  cord  is  put  into  use,  the  powf^r  supply 
voltage  should  be  determined  and  checked  against  the  rating  of 
the 'cord. 

The  amperage  required  by  the  equipment  that  is  to  be  connected 
to  the  cord  can  be  determined  from  its  nameplate.  The  voltage, 
frequency,  current  and  phase  characteristics  of  the  circuit  should 
match  the  nameplate  characteristics  of  the  fittings.  The  proper 
cord  set  can  be  selected  by  matching  the  namepiate  information 
against  the  rating  information  on  the  cord  set  label  or  package. 
Units  that  draw  large  initial  starting  currents  require  cords  of 
sufficient  wire  size  to  minimize  the  voltage  drop  which  will  be 
produced. 

Unless  the  tool  is  double-insulated,  extension  cords  must  contain 
a  separate  equipment  grounding  conductor.  Because  the  metal 
frames  of  portable  electric  equipment  ^ould  be  grounded,  cord 
With  a  green-covered  ground  conductlor  should  be  used  with 
a  polarized  plug  and  receptacle. 

Sockets  should  be  covered  with  porcelain,  composition  or  rubber. 
Extension  cords  with  brass  shell  sockets  should  not  be  used.  The 
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socket  may  become  energized  through  contact  with  loose  wires 
inside  the  socket,  through  abrasion  of  the  insulation  where  the 
cord  enters  the  socket  or  through  moisture  in  the  socket  insula- 
tion. 

Before  inspecting,  repairing  and  servicing  portable  equipment  and 
fittings,  cords  should  Be  removed  from  the  electrical  power  source. 
Electric  cords  and  fittings  should  be  inspected  regularly.  Cords 
should  be  wiped  clean  with  a  dilute  detergent  and  examined  for 
small  breaks,  abrasions  and  defects  in  the  jacket.  Fittings  should 
be  inspected  for  wear,  looseness,  arcing  conditions  or  other 
mechanical  defects. 

Cord  reels  are  recommended  in  locations  where  a  power  source  or 
portable  light  is  needed  frequently.  Reels  pull  the  cord  out  of  the 
way  when  not  in  use  whUe  still  keeping  it  readily  available  for 
service. 

Where  reels  are  not  used,  cords  should  be  coUed  or  hanked  for 
storage.  Care  should  be  taken  to  avoid  kinking  or  abrading  the 
cord.  Power  supply  cords  should  not  be  wound  tightly  around 
portable  tools  or  hand  lamps.  This  practice  can  damage  the  insula- 
tion and  break  conductor  strands  at  the  point  where  the  cord  is 
bent  sharply. 


Plug  and  connector  housings  should  be  made  of  a  material  that 
will  protect  internal  parts  and  connections  from  mechanical 
damage  (see  Table  24).  For  cords  size  14  AWG  or  larger,  heavy- 

TABLE  24 

Chennical  Resistance  of  Materials  Commonly  Used  in  Writing  Devices 


Cord  Maintenance  and  Storage 


PLUGS  AND 
ATTACHMENTS 


Chemical 


Nylon 


Metamine 


Phenolic 


Urea 


Polyvinyl 
Chloride 


Polycar- 
bonate 


Rubber 


Acids 

C 

B 

B 

B 

A 

A 

B 

Alcohol 

A 

A 

A 

A 

A 

A 

B 

Caustic  bases 

A 

B 

B 

B 

A 

C 

C 

Gasoline 

A 

A 

A 

C 

A 

A 

B 

Grease 

A 

A 

A 

A 

A 

A 

B 

Kerosene 

A 

A 

A 

A 

A 

A 

A 

Oil 

A 

A 

A 

A 

A 

A 

A 

Solvents  » 

A 

A 

A 

A 

C 

C 

C 

Water 

A 

A 

A 

A 

A 

A 

B 

A-Completely  resistant.  Gooi*  to  excellent  for  general  use. 
B— Resistant.  Fair  to  good,  limited  service. 
C-Slow  attack.  Not  recommended  for  use 

Rbprinted  with  permissfon  from  "Better  Wiring  Devices  Improve  Safety."  by  Norman  C.  Johnson  Natjonai  Safety  News  May  1974 
p  73.  '  ' 
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Nylpn  Housing  Recommended 


Preventing  Tension  on 
Terminal  Connections 


Applicable  Standard 


Safe  Practices 


Dead-Front  Construction 


duty  attachment  plugs  are  rec'ommended. 

Nylon  is  the  material  recom.  ended  for  standard  use  in  the  indus- 
trial/vocational education  shop.^  It  is  durable,  an  excellent  insula- 
tor, and  highly  resistant  to  attack  by  chemicals.  It  is  resilient 
enough  to  resist  shattering  when  dropped  or  struck,  yet  hard 
enough  to  retain  its  shape  even  under  great  pressure.  In  the  un- 
likely event  that  a  nylon  device  is  damaged,  visual  inspection 
easily  reveals  the  damage.  This  is  not  true  of  rubber  and  neoprene 
devices,  wh^re  the  housing  springs  back  into  shape  and  conceals 
internal  damage. 

Cord  terminations  are  far  more  vulnerable  than  those  in  fixed- 
wiring  because  such  cord  is  exposed,  ilexible  and  in  some  cases  not 
secured.  The  finely  stranded  ^viring  inside  the  cords  is  necessary 
for  colitinuous  flexing,  but  strands  can  escape  from  under  terminal 
screws,  creating  a  hazard.  '  , 

According  to  NEC  400-10: 

Flexible  cords  shall  be  so  connected  to  devices  and  to 
fittings  that  tension  will  not  be  transmitted  to  joints  or 
terminal  screws.  This  shall  be  accomplished  by  a  knot  in 
the  cord,  winding  with  tape,  by  a  special  fitting  designed 
for  that  purpose,  or  by  other  approved  means  which  will 
prevent  a  pull  on  the  cord  from  being  directly  trans- 
mitted to  joints  or  terminal  screws. 

All  plugs  that  are  attached  to  cords  must  have  the  terminal  screw 
connections  covered  by  suitable  insulation. 

Students  should  be  taught  to  disconnect  a  connection  by  pulling 
on  the  plug,  not  on  tho  cord.  A  non-metallic  cord  gripper  incor- 
porated in  plugs  ajid  connectors  can  prevent  strain  on  the  ground 
and  power  connections  when  someone  pulls  the  plug  out  by  the 
cord. 

Locking-type  attachment  plugs,  receptacles  and  connectors  pro- 
vide additional   protection  against  accidental  disengagement. 

Before  an  attachment  plug  is  inserted  or  \/ithdrawh  from  a  recep- 
tacle, the  control  switch  on  electrical  equipment  should  be  in  the 
"off"  position.  This  precaution  prevents  arcing  at  the  plug. 

Some  plugc  contain  no  screw  heads  on  the  front  of  the  male  plugs. 
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Isokted  pockets  are  provided  inside  the  body  of  the  plug  for  each 
wire  and  its  terminal. 

This  dead-front  construction  is  preferable  to  merely  securing 
mechanically  the  front  covers  for  wire  terminals.  It  eliminates  the 
possibility  of  the  common  fiber  disk  cover  coming  off  or  allowing 
wire  strands  io  protrude.  It  prevents  the  conductors  from  con- 
tacting a  metal  wall  plate.  It  keeps  out  metal  chips  or  other  for- 
eign substances  which  can  enter  when  the  disk  is  loose  or  im- 
properly fitted. 

Cord  and  plug-connected  equipment  is  subject  to  more  abuse  than 
equipment  Supplied  b>  fixed  wiring.  If  cor<l-  and  plug-connected 
equipment  is  not  properly  grounded,  the  voltage  between  the 
metallic  parts  and  other  surfaces  in  the  vicinity  may  be  sufficient 
to  cause  harmful  or  lethal  shock.  If  a  piece  of  conductive  mateiial 
becomes  part  of  a  ground-fault  path,  sparking  and  burning  may 
result.  Therefore,  the  groundmg  of  such  equipment,  whether  sta- 
tionary or  portable,  is  required  by  law  for  the  safety  of  those 
exposed  to  it. 

A  current  leakage  might  be  defined  as  an  electrical  current  (gen- 
erally less  than  one  ampere)  that  has  deviated  from  its  normal 
path  to  ground  (i.e.,  the  neutral  conductor)  and  is  seeking  an 
alternate  route.^  Such  leakages  are  sometimes  called  "low  current 
faults"  and  occur  in  all  electrical  equipment,  even  when  it  is  new. 

A  good  grounding  system  (e.g.,  the  green  wire,  a  rigid  metal  con- 
duit) usually  carries  off  this  current  leakage.  Therefore,  no  shock 
is  perceived  when  the  current  leakage  of  tools  is  below  one  ampere 
and  the  grounding  current  has  a  low  resistance.  Over  a  period  of 
time,  however,  the  dielectric  properties  of  insulation  wear  down, 
and  a  greater  amount  of  current  can  be  measured  on  the  metal 
frame  or  case  of  the  equipment.  Should  the  grounding  conductor 
become  inoperative  (e.g.,  through  a  broken  prong  or  increased 
resistance),  the  user  of  the  equipment  is  placed  in  grave  danger. 

This  hazard  is  far  too  frequent  with  portable  and  cord-connected 
tools  and  equipment,  where  loss  of  ground  can  occur  without 
warning.  Such  equipment  is  sometimes  used  in  damp  or  wet  loca- 
tions where  goo^l  earth  contact  exists.  Another  hazard  is  created 
by  the  fact  that  portable  and  cord-connected  tools  usually  require 
a  full-hand  grasp;  in  the  event  of  insulation  fail'^re  in  the  tool  or 
wire,  the  student  may  not  be  able  to  release  his  grasp. 
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GROUNDING  OF  CORD- 
AND  PLUG-CONNECTED 
EQUIPMENT 


Additional  Hazard  Created 
by  Current  Leakage 


> 

Electrical  Safety 

Applicable  Standards 

The  NEC  (250-45)  specifies  that  "exposed  noncurrent-carrying 
metal  parts  of  cord-  and  plug-connected  equipment  likely  to 
become  energized"  must  be  grounded  in  certain  circumstances. 
These  situations  include  several  likely  to  occur  in  the  industrial/ 
vocational  education  shop.  Specifically,  the  requirement  applies 
to 

1. 

such  portable,  hand-held,  motor-operated  tools  as  drills, 
Sanders  and  saws 

2. 

portable  tools  likely  to  be  used  in  wet  and  conductive 
locations 

X 

3. 
4. 

equipment  operated  at  more  than  150  volts  to  g^round 
(an  exception  is  niade  for  guarded  motors) 

hazardous  locations,  which  include 

a.  areas  where  flammable  liquids  and  gases  are  used 

b.  areas  where  combustible  dust  is  present 

c.   areas  where  materials  producing  easUy  ignitible  fibers 
are  handled  or  producedXe.g.,  woodworking). 

Double  insulated  tools  are  exempted  from  the  grounding  require- 
ment. 

T>  pital  Grounding  S>  stem 

The  typical  grounding  system  for  cord-  and  plug-connected  equip- 
ment consists  of: 

1. 

a  third  wire  contained  in  the  power  cord 

2. 

a  three-prong  plug  with  a  grounding  pin 

3. 

a  three-wire  grounding  type  receptacle 

4. 

a  third  or  grounding  conductor  which  connects  the  recep- 
table  grounding  contact  to  the  power  distribution  system* 
ground  (neutral)  at  the  main  service  switchboard. 

Three- Pronged  Connectors 

The  basic  safet>  feature  on  plugs  is  the  three-pronged  connection. 
Two  prongs  conduct  electricity;  the  third  goes  to  the  grounu. 
This  system  gives  a  continuous  ground  to  the  frame  of  the  tool. 
A  failure  of  insulation,  which  energizes  the  framp,  causes  a  short 

ERLC 

17-20 

\ 


Electrical  Safety 


through  the  equipment  grounding  conductor.  This  shcrt  actuates 
overcurrent  protection  devices  such  as  fuses  and  circuit  breakers. 

This  system  provides  excellent  protection  as  long  as  the  third- wire 
prong  is  kept  intact  and  the  grounding  system  from  the  outlet  is 
unbroken.  Students  should  be  instructed  never  to  use  a  plu/ with 
the  third  prong  broken  off. 

Some  attachment  plugs  are  manufactured  of  high-impact  trans- 
parent plastic  material.  Such  plugs  permit  inspection  of  termina- 
tions without  the  necessity  of  disassembly. 

The  purpose  of  the  equipment  grounding  conductor  system  is  to 
provide  a  low  impedance  (resistance)  path  to  ground  for  currents 
resulting  from  faults  or  the  inherent  leakage  of  electrical  appara- 
tus. If  the  framework  and  cabinets  of  electrical  equipment  are 
purposely  grounded,  a  path  to  ground  for  stray  currents  is  pro- 
vided before  they  reach  and  pass  through  a  human  body.  The 
general  rule  for  electrical  safety  is  to  ground  the  equipment^  but 
not  the  human  body. 

The  characteristics  of  an  adequate  grounding  system  are  described 
in  the  following  section  (25051)  of  the  National  Electrical  Code: 


GROUNDING 
Purpose  of  Grounding 


Applicable  Standards 


Effective  Grounding  Path.  The  path  to  ground  from  cir- 
cuits, equipment,  and  conductor  enclosures  shall 

a.  be  permanent  and  continuous 

b.  have  capacity  to  conduct  safely  any  fault  current 
likely  to  be  imposed  on  it 

c.  have  sufficiently  low  impedance  to  limit  the  voltage 
to  ground  and  to  facilitate  i.he  operation  of  the 
circuit  protective  devices  in  the  circuit. 


Besides  requiring  the  grounding  of  equipment  connected  by  cord 
and  plug,  the  NEC  (250-42  and  43)  requires  the  grounding  uf 
'*exposed  iioncurrent-carrying  metal  parts  of  fixed  equipment 
likely  to  become  energized"  under  the  following  circumstances: 

1.   within  eight  feet  vertically  or  five  feet  horizontally  of     8'     2.4  m. 
ground  or  grounded  metal  objects  5'  1.5 


2.  in  a  wet,  damp,  nonisolated  location 
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Grounding  Type  Receptacles 


3.  in  electrical  contact  with  metal 

4.  in  a  hazardous  location 

5.  where  supplied  by  a  wiring  .method  that  is  metal-clad, 
metal-sheathed  or  a  metal  raceway  ) 

6.  where  the  equipment  operates  with  any  terminal  in  excess 
of  150  volts  to  ground. 

The  grounding  of  hoists  and  cranes  is  required  by  NEC  610-61 

All  exposed  metal  parts  of  cranes,  .  .  .  hoists  and  ac- 
cessories including  pendant  controls  shall  be  metallic- 
ally joined  together  into  a  continuous  electrical  con- 
ductor so  that  the  entire  crane  or  hoist  will  be  grounded. 
.  .  .  Moving  par<'<:  >ther  than  removable  accessories  or 
attachments  having  me'  '  to-metal  bearing  surfaces, 
shall  be  considered  to  be  electrically  connected  to  each 
other  through  the  bearing  surfaces  for  grounding  pur- 
poses. The  trolley  frame  and  bridge  frame  shall  be  con- 
sidered as  electrically  grounded  through  the  bridge  and 
trolley  wheels  and  its  respective  tracks  unless  local  con- 
ditions, such  as  paint  or  other  insulating  material,  pre- 
vent reliable  metal-to-metal  contact  In  this  case  a  sep- 
arate bonding  conducto^  shall  be  provided. 

In  1975  the  NEC  was  revised  to  require  the  installation  of  only 
grounding  type  receptacles  in  new  construction  (210-7).  A  ground- 
ing type  receptacle  for  120V  looks  like  this: 


Reprinted  with  permission  from  ''Elec- 
trical Safety  and  Grounding/'  by 
Jack  B.  Scott,  National  Safety  News, 
February  1978,  p.  63. 
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The  right-hand  (short)  slot  is  the  hot  lead,  the  terminal  from 
which  the  current  flows.  The  left-hand  (lonrar)  slot  is  the  ground- 
ed neutral  connector,  the  terminal  for  the  return  path.  The  third 
slot  (here  pictured  as  semicircular)  is  for  the  grounding  connector. 
In  a  240V  receptacle  the  grounding  connector  slot  is  shaped  like 
the  right-  and  left-hand  slots. 

A  matching  male  connector  with  a  fixed  grounding  prong  is 
required  for  use  with  the  receptacle.  Pigtail  connectors  such  as  this 
are  not  among  the  accepted  grounding  connections: 


Reprinted  with  permission  from  "Elec* 
trical  Safety  and  Grounding/*  by  Jack  . 
B.  Scott,  National  Safety  News,  Febru- 
'  ary  1978.  p.  63. 

Pigtail  connectors  are  not  allowed  by  NSC  410-58  because  they 
permit  three  conditions  to  exist: 

1.  The  grounding  wire  may  be  left  unconnected. 

2.  Even  when  the  grounding  wire  is  connected,  it  may  be 
attached  to  an  objecv  that  is  itself  ungrounded  or  is  highly 
resistant  to  ground. 

3.  Electrocution  can  result  if  the  pigtail  grounding  connector 
is  accidentally  in^  :<rted  irA»  the  hot  slot  of  the  receptacle. 

Non  polarized  standard  plugs  can  be  psed  in  the  receptacle. 

Over  a  period  of  time  the  abiMty  of  the  grounding  circuit  in  the 
receptacle  to  make  contact  w?  h  the  plug  grounding  pin  can  be 
lost  To  detect  this  condition  requires  determining  the  contact 
force  or  tension  between  the  receptacle  contact  and  the  plug 
grounding  pin.  Suon  tests  should  be  made  by  qualified  persons, 
wno  aware  of  electrical  hazards  and  know  how  io  avoid  f;hem. 
They  should  be  scheduled  o»^  a  regular  basis.  These  inspef'.tions 


Pigtail  Connectors  Not 
Allowed  \ 


Testing  Receptacles 
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PROTECTION  AGAINST 
GROUND  FAULTS 


will  enable  the  maintenance  department  to  replace  receptacles 
before  they  produce  an  ineffective  equipment  grounding  contact 
or  a  fire  develops  in  the  power  contacts. 

A  ground  fault  occurs  when  some  electricity,  seeking  to  maintain 
continuity  with  the  rest  of  the  circuit,  uses  the  ground  as  a  con- 
ductor. If  the  body  becomes  part  of  the  circuit,  electrical  shock 
can  and  do^s  occur.  If  the  ground  contact  is  poor,  the  voltage  will 
not  be  able  to  force  a  harmful  current  (amperage)  through  the 
resistance.  But  if  the  resistance  is  lowered  through  contact  with 
grounded  metal  or  damp  concret^.  floors  or  through  perspiring 
hands,  the  voltage  will '  e  able  to  force  a  larger  current  through  the 
body. 

I 

A  ground  fault  is  thus  distinguished  from  a  short  circuit,  where 
two  or  more  circuit  conductors  are  crossed.  However,  this  tech- 
nical distinction  is  not  always  maintained  in  discussions  of  elec- 
trical safety. 

Grounding  protects  against  ground  faults  in  equipment.  These  are 
usually  caused  by  abrasion,  aging  or  other  damage  which  breaks 
through  the  insulation  of  conductors  and  allows  the  metal  of  the 
conductor  to  touch  the  enclosures  or  adjacent  metal  parts.  An 
insulation  breakdown  can  occur  in  the  windings  or  other  internal 
functioning  parts  of  the  equipment  cr  in  the  wiring  brought  to  or 
from  the  equipment. 

Whenever  a  current-carrying  conductor  makes  contact  in  this 
manner,  the  exposed  Inetallic  surfaces  become  energized  at  the 
same  voltage  as  the  conductor  involved.  The  nature  of  voltage  is 
that  it  will  force  current  to  flow 

1.  from  one  terminal  of  the  source 

2.  out  through  the  circuit  conductor 

3.  through  any  available  fault-current  paths 

4.  back  to  the  other  source  terminal. 

If  the  metallic  surfaces  are  not  bonded  together  and  to  ground  by 
a  low-impedance  equipmeuc  grounding  conductor  such  as  a  con- 
duit, dangerous  voltage  will  exist 

•    probably— between  electrical  enclosures 
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possibly —from  some  enclosures  to  plumbing,  building 
steel  and  other  grounded  surfaces. 

Because  the  fuse  or  circuit  breaker  will  not  open  the  circuit  unless 
there  is  a  large  ground-fault  cunent  flow,  the  dapgerous  voltage 
may  continue  to  ^xist. 

With  the  grounding-type  receptacles  and  the  matching  male  plugs, 
the  condition  known  as  "reversed  polarity"  is  unlikely  to  occur. 
Reversed  polarity  means  that,  instead  of  coming  into  the  equip- 
ment through  the  switch  and  exiting  rhrough  the  neutral  wure,  the 
cunent  exits  through  the  hot  wire.  This  means  that  the  internal 
wiring  is  hot  up  to  the  switch,  creating  a  shock  hazard. 


jlf  a  (Circuit  tester  indicates  reversed  polarity,  the  internal  hot  and 
neutral  connections  of  the  outlet  should  be  interchanged  immedi- 
ately. 

Every  cord  set  and  power  supply  cord  should  be  checked  idr 
ground  continuity  and  conect  polarity  before  being  placed  ik 
service. 

Overcurrent  devices-tiuch  as  fuses  and  circuit  breakers— ppen  the 
circuit  automatically  in  c^  of  excessive  cunent  flo\v  from 
ground,  short  circuit  or  overload. 

The  ground  fault  circuit  intenupter  (GFCI)  is  a  fast-acting  circuit 
breaker  which  senses  small  imbalances  in  the  circuit  caused  by 
current  leakage  to  ground  and,  in  a  fraction  of  a  second,  shuts\off 
the  electricity.  The  GFCI  continually  matches  the  amount  of 
current  going  to  an  electrical  device  against  the  amount  of  cunent 
retiming  from  the  device  along  the  electrical  path.  Whenever  the 
amount  going  differs  from  the  amount  returning  by  approximately 
two  to  five  milliamperes,  the  GFCI  interrupts  the  electric  power 
within  as  little  as  1/40  of  a  second  (see  Figure  63). 

There  are  two  types  of  ground  fault  circuit  interrupters: 

1.  Differential— Cunent  carrying  wires  go  through  a  differen- 
tial transformer.  If  as  little  as  five  milliamperes  do  not 
flow  thrqugh  but  trickle  to  the  grouhd  instead,  the  circuit 
breaker  is  tripped  and  the  flow  of  electricity  stopped. 

2.  Isolation—This  type  combines  the  safety  of  an  isolation 
system  with  the  response  of  an  electronic  sensing  circuit. 
Ground  fault  passes  through  the  electronic  sensing  circuit. 
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GROUND-FAULT  CIRCUIT  INTERRUPTER 

QFCI  monitors  the  difference  in  current  flowing  into  the  "hot"  and  out 
to  the  grounded  neutral  conductors.  The  difference  (1/2  ampere  in 
this  caie)  will  flow  back  through  any  available  path,  such  as  the  equip- 
ment grounding  conductor,  and  through  a  person  holding  the  tool,  if 
the  person  is  in  contact  with  a  grounded  object. 
Reprinted  from  Ground-Fault  Protection  on  Construction  Sites,  U.S. 
Department  of  Labor,  Occupational  Safety  and  Health  Administration, 
Bulletin  3007  (1977),  p.  i. 

Figure  63 

which  has  enough  resistance  to  limit  current  flow  to  as 
little  as  two  milliamperes. 

The  GFCI  can  operate  on  both  two-wire  and  three-wire  (equip- 
ment grounding)  systems.  It  protects  both  two-wire  and  three- 
wire  equipment  and  monitors  the  system  continuously. 

According  to  the  National  Safety  Council,  there  has  not  been  a 
single  recorded  electrocution  from  ground  fault  in  any  installation 
employing  a  GFCI.^  The  ground  fault  circuit  interrupter  also 
provides  protection  against  fires,  overheating  and  destruction  of 
insulation  on  wiring. 

A  GFCI  does  not  protect  a  person  from  line-to-line  hazards,  such 
as  those  developing  when  a  person  is  holding  two  hot  wires  or  a  , 
hot  and  neutral  wire.  It  is  no  substitute  for  good  electrical  safety 
procedures. 

I  In  the  industrial/vocational  education  shop  GFCIs  should  be  used 
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L   where  water  and  electricity  are  used  in  close  proximity 
(e.g.,  where  motors  or  other  electrical  apparatus  are 
located  near  sinks  and  basins 

2.  where  the  user  of  electrical  equipment  cannot  avoid  being 
grounded 

3.  on  circuits  providing  power  to  portable  tools  and  to 
outdoor  receptacles. 

PortaHe  models  are  available. 

Electrical  conductors  and  machinery  are  designed  to  carry  a  rated 
load.  Their  safe  current-carrying  capacity  is  determined  by  their 
size,  the  material  of  v/hich  they  are  made,,  the  type  of  insulated 
covering  and  the  ,n\anner  of  installation,  if  they  are  forced  to 
carry  loads  greater  than  their  capacity,  the  result  is  overheating. 

Fire  Hazards  Created  by 
Overloading 

For  example,  if  a  1/4  horsepower  motor  is  given  a  load  of  one 
horsepower,  it  will  try  to  carry  that  load  but  probably  will  burn 
itself  up  in  the  process.  Because  the  voltage  is  constant,  the  motor 
will  draw  more  current.  The  excess  current  will  heat  the  electrical 
conductors  to  the  point  where  they  will  break,  creating  a  fire 
hazard.  Such  overheating  frequently  causes  the  insulation  to  burn, 
exposing  live  parts.  Fires  sometimes  start  because  electrical  con- 
ductors within  a  wall  raise  a  combustible  material  to  its  ignition 
temperature,  causing  it  to  burn. 

• 

• 

Overcurrent  devices  open  the  circuit  automatically  when  triggered 
by 

Overcurrent  Devices 

1.  excessive  current  flow  from 

a.  overload 

b.  accidental  ground 

c,   short  circuits 

2.  circuit  interrupter  causing  a  circuit  breaker  to  open. 

Overcurrent  devices  are  basically  passive.  They  operate  only  when 
something  goes  wrong.  They  do  not  substitute  for  ground  fault 
circuit  interrupters  but  supplement  them. 

Fuses  and  circuit  breakers  operate  on  a  time-versus-current 
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principle.  Th<^  larger  the  amount  of  current,  the  shorter  the  vime 
required  to  break  the  circuit.  So  that  large  amounts  of  current  can 
flow  quickly,  activating  overcurrent  devices  and  protecting  the 
circuit  from  damage,  it  is  important  for  the  grounding  conductor 
to: 

1.  be  continuous 

2.  have  lov;  impedance 

3.  have  sufficient  ampacity. 

A  fuse  is  a  part  of  a  conductor  in  a  circuit.  When  too  much  current 
flows  through,  the  fuse  heats  up  within  a  fraction  of  a  second.  T^e 
fusible  metal  melts  and  interrupts  the  circuit. 

There  are  three  kinds  of  fuses: 

1.  link  fuse— a  fusible  metal  forms  a  strip  between  the  two 
terminals  of  a  fuse  block 

2.  plug  fuse— used  on  circuits  which  do  not  exceed  30  am- 
peres at  not  more  than  150  volts  to  ground,  the  fusible 
metal  is  completely  enclosed 

3.  cartridge  fuses— the  fusible  metal  strip  is  enclosed  in  a 


Each  type  should  be  used  only  in  the  circuit  for  which  it  was 
designed.  Fuses  of  the  wrong  type  or  size  can  injure  personnel  and 
damp<^e  equipment. 

Fuses  never  should  be  inserted  in  a  live  circuit.  When  it  is  neces- 
sary to  remove  a  fuse,  the  circuit  should  be  locked  out.  The  fuse 
should  be  extracted  with  an  insulated  fuse  puller.  If  the  fuse  is  not 
protected  by  a  switch,  the  supply  end  should  be  pulled  out  first. 
When  the  fuse  is  replaced,  the  supply  end  should  be  put  in  first. 

A  copper  wire  or  other  conductor  must  never  be  substituted  for 
a  fuse.  A  larger  fuse  never  should  be  used  to  replace  a  blown  fuse. 
Overfusing  can  cause  overheated  wiring  and  equipment,  creating 
the  very  fire  hazard  that  fuses  are  designed  to  prevent. 

A  circuit  breaker  is  a  switch  so  placed  in  a  circuit  that  it  opens 
automatically  if  a  certain  temperature  k  reached  or  if  too  much 
current  flows  through  the  switch.  A  circuit  breaker  may  operate 
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Instantly  or  be  equipped  with  a  timing  device. 
There  are  two  general  types: 

1.  thermal,  operating  only  on  tht  basis  of  temperature  rise 

2.  magnetic,  operating  only  on  the  basis  of  the  amount  of 
current  passing  through  the  circuit. 

The  NEC  (430-32)  requires  that  all  circuits  be  equipped  with  fuses 
or  circuit  breakers  that  will  open  if  the  actual  \cunent  flow  a 
circuit  exceeds  the  expected  tlovr  by  25  percent.  For  example,  i '  a  } 
circuit  is  normally  expected  to  carry  a  load  of  sixteen  ampere^s  t^'^  ' 
fuse  or  circuit  breaker  must  be  rated  at  twenty  amperes.  The  NEC 
further  requires  that  the  conductors  in  the  circuit  be  able  to  carry 
the  25  percent  excess  load  without  overheating. 


For  welders,  the  NEC  (630-12,  630-22,  630-32)  requires  over- 
current  protection  set  at  not  more  than  200  percent  (for  arc 
welders)  or  300  percent  (for  resistance  welders)  of  the  rated  pri- 
mary current,  of  the  welder. 

According  to  NEC  240-24,  overcurrent  devices  must  be  located 
where  they  are: 

1.  readily  accessible;  which  is  defined  in  NEC  100  as  "capable 
of  being  reached  quickly  for  operation,  renewal  or  inspec- 
tions, without  requiring  those  to  whom  ready  access  is 
requisite  to  climb  over  or  remove  obstacles  or  to  resort  to 
portable  ladders,  chairs,  etc." 

2.  not  exposed  to  physical  damage 

3.  not  in  the  vicinity  of  easily  ignitible  material. 

Overcurrent  devices  frequently  serve  as  disconnecting  means. 
Therefore,  they  must  be  readily  accessible  when  troubles  occur. 
Furthermore,  devices  which  are  difficult  to  reach  are  apt  to  be 
neglected.  In  the  case  of  overcurrent  devices,  neglect  can  lead  to 
overheating  and  fires. 

Supervisors  and  instructors  in  school  shops  must  make  certain 
that  circuits  are  not  overloaded.  Even  if  overcurrent  protection 
devices  function  properly  and  prevent  fire  or  heat  hazards,  there  is 
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Signs  of  Overloading 


Investigating  Overloads 


MAINTAINING 
PROTECTIVE  DEVICES 


stUl  the  inconvenience  of  resetting  the  breaker  or  replacing  the 
fuse. 

What  are  some'  signs  of  overloading? 

1.  The  fuse  or  circuit  breaker  frequently  opens  the  circuit. 
If  this  happens,  try  to  determine  if  a  certain  machine 
when  it  is  energized  is  causing  the  interruption. 

2.  A  ground  fault  circuit  interrupter  interrupts  the  circuit 
frequently.  , 

3.  An  electrical  machine  feels  abnormaily  hot. 

4.  An  extension  cord  becomes  warm. 

5.  A  cable  bank,  fuse  box  or  junction  box  feels  abnormally 
warm. 

6.  The  insulation  of  conductor  is  worn  or  frayed. 

If  any  of  these  conditions  exist,  a  maintenance  electrician  should 
be  called. 

Before  fuses  are  replaced  or  circuit  breakers  reset,  an  investiga- 
tion should  be  made  for  the  cause  of  the  short  circuit  or  overload. 
To  ignore  the  warning  signals  which  have  been  buUt  into  the 
system  is  foolish  and  shortsighted. 

According  to  one  researcher,  the  cost  of  the  electrical  system  in 
any  facility  is  only  7-1/2  percent  of  the  total  cost  even  though 
the  facility  is  useless  without  electric  power.^  Saving  a  few  cents 
by  cutting  corners  on  maintenance  is  false  economy.  It  undercuts 
the  sound  investment  that  has  been  made  in  designing  and  in* 
stalling  a  safe  system.  ^ 

We  have  seen  how  electrical  protective  devices  are  the  safety  valves 
of  the  system.  Overcurrent  protective  equipment  must  be  checked 
periodically  to  be  certain  that  it  works  properly  when  troubles 
occur.  The  maintenance  needs  involve  f i'  e  steps: 

1.  clean 

2.  tighten 

3.  lubricate 
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4.  inspect 

5.  test. 

Fuses,  relays  and  circuit  breakers  must  be  cleaned  periodically  to 
eliminate  dirt,  dust,  moisture  and  contaminants  which  can  make 
the  system  ineffective. 

All  electrical  connection'^  must  be  tight.  A  loose  ponnection  gen- 
erates excess  heat,  which  can  erode  metal. 

Lubrication  is  necessary  to  keep  the  mechanical  joints  or  sliding 
parts  in  circuit  breakers  from  becoming  rusty  over  a  period  of 
time.  Such  lubrication  must  be  done  carefully  so  that  improper 
lubricants  are  kept  away  from  electrical  contacts. 

All  electrical,  protective  devices  need  to  be  checked  to  be  certain 
that  their  interrupting  rating  and  their  setting  is  in  accordance 
with  the  design.  Such  inspection  will  detect  instances  where  the 
capacity  of  the  device  has  been  increased  to  keep  the  circuit  from 
tripping.  For  example,  if  a  15-ampere  circuit  breaker  or  fuse  has 
been  replaced  by  a  20-  or  25'ampere  device,  an  accident  is  just 
waiting  to  happen. 

If  it  has  a  built-in  test  feature,  the  circuit  breaker,  fuse  or  relay 
can  be  subjected  to  simulated  fault  conditions  to  make  sure 
that  it  operates  in  accordance  with  the  manufacturer's  specifica- 
tions for  the  device  being  tested. 

Such  a  maintenance  program  as  the  one  described  will  ensure  that 
devices  have  not  been  impaired  by 

•  dusty,  oily,  smoky  or  corrosive  atmospheres 

•  mechanical  vibration 

•  excessive  temperature 

•  tampering. 

The  electrical  system  for  an  industrial/vocational  education  shop 
originates  at  a  service  entrance,  from  which  feeders  carry  currpnt 
to  branch  circuits.  These  in  turn  carry  current  to  the  outlets  for 
lighting,  machinery  and  equipment.  It  is  Important  to  identify 
the  switches  and  circuit  breakers  which  control  the  power  to  each 
particular  circuit. 


Clean 


Tighten 


Lubricate 


Inspect 


Test 


IDENTIFYING 
DISCONNECTING  ME.\NS 


ERLC 


17-31 


Electrical  Safety 


Applicable  Standard 


When  Disconnection  is 
Necessary 


Instructor  Involvement 


According  to  the  NEC  (110-22) : 

Each  disconnecting  means  required  by  this  Code  for 
motors  and  appliances,  and  each  service,  feeder  or  branch 
circuit  at  the  point  where  it  originates  shall  be  legibly 
marked  to  indicate  its  purpose  unless  located  and  ar- 
ranged so  the  purpose  is  evident  The  m'arking  sliall  be  of 
sufficient  durability  to  withstand  the  environment  in- 
volved. 

During  the  life  of  any  electrical  installation,  there  will  be  times 
when  it  is  necessary  to  disconnect  a  branch  circuit,  a  feeder  or  an 
entire  service.  The  reason  may  be: 

1.  normal  maintenance  procedures,  whether  scheduled  or 
unscheduled 

2.  changes  or  additions  to  the  system 

3.  emergencies  requiring  quick  actiun  to  disconnect  power 
from  a  particular  piece  of  equipment  or  portion  of  the 
system 

4.  major  emergencies  such  as  fire  or  explosion,  which  requife 
that  all  power  in  the  building  be  turned  off  quickly. ' 

If  the  appropriate  disconnecting  mean!>  is  not  obvious,  mistakes 
may  be  made  or  vital  time  may  be  lost  in  tracing  circuits  to  their 
source.  If  the  circuit  conductors,  or  the  raceway  containing  them, 
are  visible  from  the  disconnecting  means  to  the  equipment  in- 
volved, the  purpose  may  be  evident  However,  a  sign,  label,  tag  or 
nameplate  on  the  disconnect  is  necessary  in  most  cases  to  .•leet  the 
needs  of  quick  identification. 

In  many  schools  there  is  one  person  who  knows  the  electrical 
system  like  the  back  of  his  hand.  Usually  this  is  the  person  respon- 
sible for  maintaining  electrical  circuits  and  equipment.  It  is  easy 
for  the  industrial/vocational  education  mstructor  to  assume  thai 
this  key  person  always  will  be  available  to  identify  disconnecring. 
means. 


But  emergencies  can  and  do  occur  when  there  is  no  time  to  con- 
sult the  specialist.  Harmful  shocks  and  even  electrocutions  can 
result  from  the  wrong  switch  being  opened  or  closed  in  a  panic 
situation.  Fires  can  start  if  a  faulted  circuit  is  not  disconnected 
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.  quickly  enough.  Therefore,  the  instructor  must  insist  that  switch- 
boards and  control  panels  are  adequately  identified. 

Where  there  is  inadequate  identification,  not  only  is  the  school 
violating  the  National  Electrical  Code  but  also  a  known  hazard  is 
being  allowed  to-exist.  The  instructor  will  want  to  urge  that  the 
following  steps  be  taken  immediately,  with  the  supervision  of  the 
Safety  and  Health  Committee: 

1.  Trace  out  all  existing  circuits,  from  service  entrance  to 
utilization  equipment,  and  clearly  mark  each  disconnecting 
device  to  indicate  what  circuit  or,  what  equipment  it  dis- 
connects. .  * 

•  2.  Make  sure  that  exceptions  to^the  above  are  permitted  only 
where  the  circuit  conductors. of  •their  raceway  ar^-clearly 
visible  from  the  disconnecting  means  to  the  load. 

3.  '  Use  labels  or  nameplates  which  are  pernianently  legible. 

4.  Do  not  depend  entirely  on  anyone's  memory  to  identify 
circuits  fo:.  proper  labeling. 

*  '  5.  When  numbers  or  letters  are  used  to  identify  circuits  and 
equipment,  be  sure  that  the  system  layout  or  key  diagram 
is  posted  so  that  the  key  can  be  interpreted  and  ihe. circuit 
located. 


Figure-  64  illustrates  some  forms  of  proper  identification, 
can  save  both  lives  and  Equipment. 

LABELING  DISCONNFCTING  MEANS 
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Reprinted  from  "Electrical  Hazards,  OSHAand'the  Nation- 
al Electrical  Code/'  Part  IV,  by  William  S.  Watkins  and 
Associates,  Inc.,  Willoughby,  Ohio.  No  date  given. 
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Use  of.the  Nameplate 


Besides  identifying  the  purpose  of  a  disconnecting  means,  the 
NEC  requires  that  equipment  be  marked  with  its  appropriate 
ratings  so  that  it  can  perform  its  function  as  intended.  Observing 
the  limiting  conditions,  will  prevent  the  operator  from  subjecting 
the  equipment  to  condition?  which  will  damage  it  and  po'ssibly 
cause  injuries.  ^        -  «  • 

According  to  NEC  110-21: 

The  manufacturer's  name,  trademark  or  other  descriptive 
\  marking  by  which  the  organization  responsible  for  the 
product  may  be  identified  shall 'be  placed  on  all  electric 
equipment.  Other  markings  shall  be  provided  giving 
voltage,^ current,  wattage  or  other  ratings.  .  .  .,The mark- 
ing shall  be  of  sufficient  durability  to  withstand  the 
environment  involved. 

A  metalworking  machine  must  have  attached  either  to  the  con- 
trol equipment  enclosure  or  to  the  machine  itself  where  plainly 
visible  after  installation  ."a  jifermanent  nameplate  listing  supply 
voltage,  phase,  frequency,  full-load  currents,  ampere  rating  of 
largest  motor,  shoxt-circuit  interrupting  capacity  of  the  machine 
overcurrent  protective  device  if  furnished,  and  diagram  number" 
(670-3)'  When-the  machine  tool  nameplate  is  marked  "overcurrent 
protection  provided  at'  machine  supply  terminals,"  each  set  of 
supply  conductors  terminates  in  a  single  circuit  breaker  or  set  of 
fuses.  * 

.For  AC  transformer  and  DC  rectifier  arc  welders,  the  nameplate  ' 
must  include  "name  of  manufacturer';  frequency;  number  of 
phases;  primary  voltage;  rated  primary  current;  maximum  open- 
circuit  vcrltage;  rated  secondary  current; 'basis  of  rating,  such  as 
the  duty-cycle  or  time  rating"  (630-14).  ^ 

If  equipment  is  connected  to  a  voltage  higher  than  its  rating, 
violent  failure  may  result.  If  the  voltage  is  below  its  rating,  the 
equipment  may  overheat  and  eventually  fail.  If  alternating  (Current 
equipment  is  energized  with  the  wr<9ng  frequency  or  with  direct 
current,  violent  failure  may  result.  Any  of  these  abuses  can  lead  to 
burns  and  fires.      ^  " 

The  instructor  and  supervisor  must  be  certain  that  the  nameplate 
on  a  machine  or  tool  is  not  removed,  covered  by  some  part  of  the  ^ 
installation  or  obliterated  by  painting  or  other  abuse. 


17-34 


»    -  -  - 


Electrical  Safety 


When  a  nameplate  gives  an  alternate  or  a  maximum  rating  for  the 
equipment,  a  specific  marking  should  be  added  to  the  machine  to 
indicate  what  .voltage-  is  actually  being  applied.  For  example, 
some  machines  can-  operate  on  either  115  or  230  volts,  depending 
on  'internal  conditions.  The  nameplate  will  not  indicate  which  of 
these  is  the  applied  voltage  so  a  supplementary  jmarking  (stencil, 
decal,  etc.)  is  necessary* 

The  manufacturer's  name  on  the  nameplate  is  useful  if  informa- 
tion needs  to  be  sought  or  if  replacement  parts  need  to  be  ordered. 
The  symbol  or  notice  of  testing  or  listing  (e.g.,  "U.L.")  is  useful 
for  an  inspector.  ^ 

The  industrial/vocational  education  instructor  and  supervisor  will 
want  to  be  certain  that  the  proper  electrical  characteristics  for  the 
particular  shop  will  be  specified  when  new  equipment  is  bought. 

Figure  65  indicates  examples  of  proper  equipment  marking. 

i 

MARKING  OF  EQUIPMENT 
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MFR.  -  BRAND' X 
HP -5 

VOLTS  -  460V 

FLA  -  7  6A. 

PHASE  -  3 

CYCLES -60  HZ 

TEMP  RISE  -  40*C 

AMBIENT  TEMP  -  30«C  MAX 


^,    (  STENCIL  SHpWS  ' 
>  VOLTAGE  ACTUALLY 
APPLIEO 


TYPICAL  NAMEPLATE  FOR  MOTOff 


Reprinted  from  "Electrical  Hazards,  OSHA  and  the  Nation- 
.  a!  Electrical  Code/'  Part  IV,. by  William  S.  Watkins  and 
As.$ociates,  Inc.,  Willoughby,  Ohio,  No  date  given. 

Figure  65  ' 

In  this  unit  specific  wiring  requirements  have  not  been  dealt  wi^ 
in  detail.  When  the  school  was'constructed,  inspectors  would  have 
checked  to  see  that  wiring  was  installed  in  accordance'  with  the 
National  Electrical  Code. 

• 

However,  other  requirements  of  the  *code  relate  more  to  opera- 
tion than  to  installation.  They  have  been  cited  throughout  the ' 
unit.  In  this  section^ v/e  will  examine  specific  regulations  for  haz- 
ardous areas,  especially  the  auto  shop. 

The  industrial/vocational  education  shop  contains  hazardous 
areas,  places  where  flammable  liquids  and  gases  are  stored  and 
used  (e.g.^  auto  sh6p,  painty  spraying).  The  NEC  requires  (511-6, 


SPECIAL  NEC  PKOVISIONS 


Hazardous  Areas 


ERLC 
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Electxical  Safety 


Auto  Shop 


5"     15  cm. 


WHAT  THE  STUDENT 
NEEDS  TO  KNOW 


516-7y  that  equipment  which  can  produce  "arcs,  sparks  or  par- 
ticles of  hot  metal"  be  either  totally  enclosed  or  so  constructed  ' 
that,  sparks  and  hot  metal  particles  cannot  escape.  Include^  in 
this  description  are  cutouts,  switches,  receptacles,  charging  panels, 
generators,  motors  ot  **otber.  equipment  hayuig  make-and-break 
or  sliding  contacts.  ^  %  *  ^ 

Special  wiring  is  required  in  the  auto  shop  because  it  is  a  haz- 
ardous location,  containing  vehicles  which  use  volatile  flammable^ 
liquids  and  gases  for  power  and  fuel.  NEC  511  give^  specific-, 
information.  •  ^ 

*  '  -  u 

The  flexible  cord  by  which  electrical  fixtures  are  suspended  from 
the  ceiling  must  be  suitable  for  the  type  of  service  and  approved 
for  hard  usage.  Only  flexible  cord  and  cgpnectors  approved  for 
extra-hard  usage  may  be  used  for  charging. 

Connecfors  used  for  charging  must  be  so  "designed  and  installed 
that  they  will  discorinect  readily  at  any  portion  of  the  charging 
cable"  (511-8),  Wh^n  a  cord  is  suspended  from  overhead  in  order 
to  connect  a  plug  directly  to  the  vehicle,  it  must  be  so  arranged 

that  the  lowest  point  of  sag  is  at  .least  six  inches,  above  the  floor. 

•J 

Racks  used  for  supporting  battery  cells  and  trays  should  be^iiade 
of  metal  and  treated  to  resist  deteriorating  action  by  the  electro- 
lyte. -They  must  be  '^provided  with  nonconducting  members 
directly  supporting  the  cells  or  with  suitable  insulating*  material 
other  than  paint  or  conducting  members'^  (480-7).  Trays  may  be 
of  wood  or  oth^r  nonconductive  material  treated  to  resis^  de- 
terioration. ' 

In  this  unit  we  have  discussed  electrical  safety  in  the  shop,  what 
aspects  need  to  be  considered  in  installing  and  maintaining  the 
electrical  ^stem  and  what  practices  need  to  be  part  of  the  day- 
to-day  operation.  Throughout  the  unit,  the.emphases  have  been  on 
acquainting  the '  instructor  with  existing  or  probable  electrical 
hazards,  and  giving  him  the  informatioh  he -needs-to- ensure  elec- 
trical safety  in  the  school  shop. 

At  this  point,  the  instructor  may  ask,  "But  what  do, my  students 
need  to  know  about"  electrical  Safety?"  The  following,  are  points 
which  the  instructor  will  want  to  transmit  to  his  students.  This 
list  is  not  exhaustive  and  may  be  modified  to  suit  the  needs  of  the 
particular  shop  situation.  / 
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.  1. 

2. 


Keep  tools  and- cords  away  from  heat,  oU  ai>d  sharp  ed^es 
that  can  damage  electrical  insulation.      •  ^. 

at 

Disconnect  tools  and  extension  cords  by  holding  the  plug, 
not  by  pulling  on  the  cord.  Be  sure  that  the  control  switch 
on  electrical  equipment  is  in  the  "off*  position  before 
putting  in  a  plug  or  pulling  it  out. 

Never  use  a  three-prong  grounded  plug  with,  the  'third 
prong  broken  off.  Always  plug  in  three-prong  ptlug  into  a 
properly  installed  three-prong  socket.  ^  . 


4. 
5. 


Do  not  use  electrical  equipi^ent  in  damp  or  wet  areas.  ' 

Do  not  use  eltectrical  equipnient  on  or  near  metal  ladders, 
which  conduct  alectficity. 

*         •'  ^ 
It  tools  or  cords  run  very  hot,  report  the  condition  to  the 
instructor.  The  insulation  could  be  deterior,aling.  Never 
wrap  a  cloth  around  a  tool  too  hot  to  hold.  Sparks  can 
ignite  the  cloth.  ^  '     '  ' 

if 

Keport  immediately  any  damaged  tool  or  equipment  or 
one  that  gives  off  minor  shocks.  Report  any  exposed  live 
parts  immediately.  Do  not  attempt  to  make  repairs  your- 
self. 

Avoid  using  extension  cords.  When  an  extension  cord  mi^t 
be  used,  choose  one  with  the  same  ampere  rating  as  the 
.tool.  Make  sure  that  the  insulation  is  intact  and  that  ftll 
connections  are  tight.  Make  sure  that  the  cord  does  not 
create  a  tripping  hazard. 

Us&jBi,  Ground  FauIt^Circuit  Inteftruptef  when  using  port- 
able tools. 


10.  Do  not  overload  circuits-     ,  "    ,  ' 

s 

Electricity  is  essential  tol^yei^ci'i^  shop  operations.  When  safety  is 
viewed  as  an  important  component  of  the  total  shop  program, 
then  the  benefits  of  .electricity  can  be  enjoyed  while  its  dangers 
can  be  recognized  and  controUe^.  ^  . 


Ii|sulation 


Plugs 


Three- Prong  "Augs  ^  . 

«        •  # 

Damp  or  Wet  i^eas 

Metal  Ladders 
Tools  Running  Hot  . 

Damaged  Tools  or  Equipment 


Extension  Cords 


GFCIs 


Overloaded  Circuits 


CONCLUSION 
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NOTES  • 

t.  Accident  Faqts  1978  (Chicago:  Nati^al  Safety  CouncU, 
.  1978),  p.  12.  ■  • 

2.  C.  C.  Kleronomos,  '^Electric^  Hazard  Detection  and  OSH  Act 
Compliance,"  National  Safety  iVea;s,(Septen|ber  1976);  p.  68. 

3.  See  .Ralph  H.  Lee'  "Electrical  Safety  in  Industrial  Plants," 
ylSSjBJou/Tja/ (September  1973),  p.  36. 

^.  Ibid.  ^     ,      •  .  ■  '  .     '     .       •  ' 

5.  Material  in  this 'section  is  adapted  from  "Eleciiical  Cord  and 
Fittings,'.'  National  Safetj^  Council  Data  Sheet,  1-385-79, -as 
published  in  the  National  Safety  News  (May  1979),  pp.  \, 
75-80.     ,  c" 

'    .  -  /- 

6.  See  Norman  C.  Johnson,  "Better  Wiring  Devices  Improve  * 
Safety,"  National  Safety  Newsii^^V  1974),  pp.  72-75. 

7.  This  is  the  definition  used  by  Kleronomos  iry^ibei^rticle  cited 
in  Note  2  ("p.  70).    ^   "  ^ 

8.  See  "Ground  Fault  Circuit  Interrupters  for  Personnel  Protec- 
tion," ^National  Safety  Gotmcil  Data  Sheet  636,  National 
Safety  News  (February  1973)  J."81. 

I  '  *  ' 

9.  Henry  S.  Orth,  "Are^You  Protected?''  National  Safety  News 
(May.  1974),  p^  68.  Material  in  this  section  is  adapted  from  this 
source.  ■    .  .     "  ^  " 
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QUESTIONS  AND  ANSWERS 


 ,  \/  ..-7-.  

1.  What  is  the  NEC,  arid  why  is  it  injportant?       .     -  ' 

y  

The  National  Electrical  Code  contains  the  universally  accepted 
minimal  requirements  published  mutually  hy  the  National  Fh:e 
Protection. Asstaciation  and  the  American  National  Standards 
r      Institute.  All  electrical  installations  are  supposed  to  comply^ 
with  the  requirements  e^the  code. 

/  _  -  ;    f'^   •  \ 

2.  Define  electrical  current,  and  state  in  what  units  it  is  measured. 


i 


'^Current  is  the. rate  at  which  electricjty  flows  through  a  ckcuit. 
It  is  measured  in  amperes.  • 

% 
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3.  Give  two  reasons  why  lower  Voltages  are  dangerous.  *    '  .  ' 

'V;:'*';  ^  .^v-;..   

a.  The  victim  may  be  "frozen''  to'" the  circuit,  unable  to  Jet 
gO'Ofan  object  held  ih  the  hand.  x     .  *v 

b.  The  victim  may  lose  his- balance  and  faU/becaiite  oC^  mild 
shocks.  /      "     '  /  ' 

.y  *  Ji.  

4.  Name  three  variables  which-  determine  the  severity  of  shock.     ^ .  " 

[  • . . . .   ^  ^  

Any  three  from  among  the  following:        ,        ^     Jo  . 
J*  *  •  *  ^ 

.    a.   voltage,  how  much  electricity  }s  involved 

b.  resistance,  how  many  ohms  impede  the  flow  of  voltage 

c.  duration  of  current  flow  '   '  ^ 

■  .    ^      •■        •        5Sf)  ■. 


t 


d.  frequency  (Jf  electrical  waves  (in  an  altemating'current) 
^  e.  the  part  of  the  body  je?cposed.  '     .  , 

.9 


Briefly  state  the  object  of  electirical  safety. 
 \  ••••• 


The  object^of  electrical  safety  is  to  prevent  the  human  body 

from  becoming  parf  of  the  conductive  path.  .  ^ 


-  '  .7...  Y  

6:  ''What  are  four  kinds  of.protection  to  ^revent'^current  from  flov/ing  through  the  human 
body?-'  '  '  • 

•  *  • 

.  a.'  isolation  \  - 

'  b.  insulation  s  .  /  '  . 

./ 

'     c.  grounding  4»  •  . 

d."  o^rercurreiit  protection         ...        •  ^ 

7.  Why  is  fixed  wiring  preferable  to  flexible  cords? 


Flexible  cords  are  more  Ijkely  to  be  damaged  \i  misused. 

.'  -%  :  

8..  How  can  students  prevent  tension  on  the  terminal  connections  of  a  cord? 

StiKleats  can  disconnect^e  cord  by  pulling  the  plug,  not  -on 
the  cord.  ,  ^ 


\ 
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9.  Why  should  students  never  use  ^pTug  with  the  third  prong  broken  off?' 

The  grounding.system  is  no  longer  operating. 

.  ;  .  ■  ■ 

10.  True'or  False  -  If  a  thr^e-prong  plug  is  not  available 'for  u^  in  a  grounding  receptacle, 
a  pigtail  connector  should  be  used. 

 ;>  

False.  Pigtail  connectors  are  nofallowed  by  the  revised  National  \ 
•  Electrical  Code.''  * 

11.  What  is  a  ^FCI?  Nanie  two  places  in  the  shop  where  it  should  be  used. 

*  j        •  * 

A  ground  fault  circuit  interrupter  (GFCI)  is  a^^gt-acting  circuit  ' 
breaker  which  senses  small  imbalances  in  the  circuit  caused  by 
current  leakage  to  ground  and,  in  a  fraction  of  a  second,  shuts 
off  the  electricity.  In  the  shop,'it  shouId;be  used  (any  two  of 
^         •         the  folio  wing):  •  *  < 

a.   where  water  and  electricity  are  used  in  close  proximity  ' 
(e.g.,  where  motors  or  other  electrical  apparatus  are  Jocated 
near  sinks  and  basins)  ' 


.b.  where  the  user  of  electrical  equipment  cannot -avoid  being 
grounded  , 


c.  on  circuits  providing  power  to  portable  tools 

d.  on  circuits  providing  power  To  outdoor  receptacles. 


0 


'''Electrical  Safety 
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